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‘THE alga forming the subject of this paper came up in cultures of silt- 
_ algae from a pond at Madras. The cultures were made by placing 
some silt collected from the centre of the pond in wide round glass jars 
with 4-5 inches of filtered pond water above it. About a fortnight 
- after starting the cultures, the alga appeared in the culture as a green 
~ scum on the surface of the water. The alga was later on found in the 
' pond also. A small quantity of the alga was then transferred to sepa- 
' rate culture vessels containing sterilised Richter’s solution. It was 
- also grown on agar plates. The alga grew well in both the media. 
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The alga is free floating near the surface of the water and consists 
- of short filaments of 1-6 cells. Occasionally filaments up to 16 cells 
- long were seen. The cells are elongate-cylindrical, 3-5 » or occasionally 
_ up to 7°5p broad and 8-244 or occasionally even up to 55 long. 
_ The poles of the cells are broadly rounded and the adjacent cells of 
_ the filament are in contact along only a part of their surface. The fila- 
_ ments are not enclosed in a mucilaginous envelope. 


The cell has a thin cell-wall and contains a single nucleus and a 
' parietal plate-like chloroplast with a single or occasionally two pyre- 
_noids. The chloroplast occupies the whole length of the cell and encircles 
~ about three-fourths of the circumference of the cell (Text-Fig. 3). 


REPRODUCTION 


Ti Vegetative reproduction—The alga readily fragments into smaller 
pieces and often into individual cells. 


Be Asexual reproduction.—One to eight or occasionally 16 biflagellate 
“zoospores are formed in each cell. The zoospores (Text-Fig. 15) are 
yvate with a small papilla at the front end, an irregularly cup-shaped 
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TEXT-FiGs. 1-27. Gloeotilopsis planctonica gen. et sp. nov. Fig. 1. Single 
celled plant. Figs. 2, 12. Two-celled filaments. Fig. 3. Two cells of a 
filament showing the shape of the chloroplasts. Fig. 4. Four-celled filament. 
Figs. 5-7. A cell forming a single aplanospore. Fig. 8. A cell forming two zoo- 
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spores which escape by a median rupture of the cell-wall. Figs.9, 10. Cells forming 
two aplanospores each. Figs. 11, 16, 17. Cells forming four aplanospores. 
Fig. 13. Contents of a cell dividing into eight parts. Fig. 14. A five-celled fila- 
ment in which the top three cells have broken into H-shaped pieces, after liberating 
the aplanospores formed in them. Fig. 15. A zoospore inside a ruptured cell and 
about to escape. Fig. 18. A cell with eight aplanospores. Figs. 19-23. Ruptured 
pee walls ag the escape of zoospores. Figs. 24-27. Germlings in various stages of 
gation, 


chloroplast with a single lateral pyrenoid and a streak-like, bright red 
eye-spot which is supramedian in position. The zoospores are 2-6- 
4-3 broad and 5-2-10-3 » long. 


Zoospore formation generally takes place early in the morning 
between 5 and 7a.m. The zoospores are liberated by a circumcissile 
break of the wall in the middle of the cell (Text-Figs. 8, 20) or a little 
to one side of the middle of the cell (Text-Fig. 19). When the cells of a 
filament break up in this manner, a number of H-shaped pieces of the 
cell-wall are left behind (Text-Figs. 19, 21 and 23). The H-shaped pieces 
owe their origin not to any peculiar structure of the cell-walls as seen in - 
Microspora, but are merely due to the dissolution of the lateral wall of 
the cell along an equatorial line bringing about a circumcissile break 
of the wall. Filaments of the alga heated in dilute caustic potash solu- 
tion, and washed in water and stained in methylene blue do not show 
the characteristic H-shaped structure seen in the walls of Microspora. 


The zoospores after liberation swim for some time and then become 
quiescent, lose their flagella and soon surround themselves with a cell- 
wall. The germination of the settled zoospore was followed in a hang- 
ing drop culture of the filtered pond water. By the third day the germ- 
lings began to elongate and by about the sixth day they had elongated 
considerably. The elongated cell then divided into 2 by the formation 
of a transverse wall. 


Very often aplanospores are formed in the place of zoospores 
(Text-Figs. 5-7, 9-11 and 16-18). Usually 2-8 aplanospores are 
formed in a cell, but occasionally only a single aplanospore is formed 
in a cell (Text-Figs. 5-7). The aplanospores are set free by a circumcissile 
break of the cell-wall (Text-Fig. 6) as in the case of the zoospores. The 
aplanospores, after becoming free, ultimately grow into shorter or 
longer filaments. 


No sexual reproduction was observed in the alga. 


DIscussION 


The main features of the present alga are: (1) the filaments are 
very short and fragment into shorter pieces, often into individual cells ; 
(2) the filaments do not have a mucilaginous sheath round them; 
(3) the cells of the alga are cylindrical and long, with more or less 
broadly rounded ends, the adjacent cells of the filament being in contact 


- along only a part of their surface; (4) the chloroplast is a parietal 
plate which occupies the whole length of the cell and encircles nearly 
three-fourths of the circumference; one or occasionally two pyrenoids are 
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present in each chloroplast; (5) usually two to eight zoospores are 
formed in a cell; and the zoospores escape by a circumcissile break of the 
lateral wall across the cell, the empty walls of the cells of the filament 
forming a number of H-shaped pieces. 


The alga resembles Stichococcus in having very short filaments of 
a few cells only which readily fragment into shorter pieces and often 
into individual cells. But it differs from Stichococcus in the nature of 
its chloroplast. The chloroplast in Stichococcus does not encircle more 
than half the cell-wall and is devoid of a pyrenoid (Heering, 1914, 
p. 51; Oltmanns, 1922, p. 289; Printz, 1927, p. 165; West and Fritsch, 
1927, p. 158; Fritsch, 1935, p. 208; Smith, 1950, p. 145), whereas in 
the present alga the chloroplast encircles about three-fourths of the 
circumference of the cell and possesses a definite pyrenoid. It differs 
again from Stichococcus in possessing zoospores which are unknown 
in Stichococcus. 


The alga shows a certain resemblance to Hormidium in fragmenting 
into shorter pieces, in having a pyrenoid in its chloroplast, in having 
biflagellate zoospores and in the filaments not being attached to any 
_ substratum by a basal cell. But the chloroplast in Hormidium does 
not encircle more than half of the circumference of the cell and generally 
occupies only about half the length of the cell (Heering, 1914, p. 41; 
Oltmanns, 1922, p. 289; Printz, 1927, p. 166; West and Fritsch, 1927, 
p. 154; Fritsch, 1935, p. 205; Smith, 1950, p. 146), whereas in the 
present alga the chloroplast occupies the whole length of the cell and 
encircles nearly three-fourth of its circumference. Again the cells in 
the present alga are broadly rounded at the poles and the adjacent 
cells of its filaments are in contact along only part of their surface, 
whereas in Hormidium the cells are not rounded at the poles and the 
adjacent cells of the filament are in contact along their whole surface. 
The zoospores in Hormidium are liberated through a pore in the lateral 
wall of the cell (Heering, 1914, p. 42; Printz, 1927, p. 166; Smith 
1950, p. 147) whereas, in the present alga, they are liberated not through 
a pore in the lateral wall but by a circumcissile break of the lateral wall. 


The present alga resembles Gloeotila Kiitzing in the tendency of 
the thread to break into shorter lengths, in the ends of the cells being 
rounded and the adjacent cells of the filament being in contact along 
only a part of their surface and in having biflagellate zoospores (Heering, 
1914, p. 48; Printz, 1927, p. 165; Fritsch, 1935, p. 206). But it differs 
from Gloeotila in having a definite pyrenoid and in its filaments not 
having a gelatinous sheath round them (Heering, 1914, p. 48; Oltmanns, 
1922, p. 289; Printz, 1927, p. 165; Fritsch, 1935, p. 206). 


It resembles Ulothrix in its chloroplast occupying more 
the whole length of the cell (West and Fritsch, 1927, x 1323 Feitsehe 
1935, p. 201) and in having a pyrenoid in the chloroplast. It also 
resembles Ulothrix in forming one or more zoospores in each cell 
unlike in Gloeotila and Hormidium, where only a single zoospore is 
formed in each cell. But it differs from Ulothrix in the manner of the 
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liberation of the zoospores from the cell. In Ulothrix the zoospores 
are liberated through a round opening in the lateral wall of the cell, 
whereas in the present alga they are liberated through the circumcissile 
break of the lateral wall of the cell. Moreover, the present alga, unlike 
Ulothrix, is not attached by a basal cell. 


It resembles Microspora in forming a number of H-shaped cell- 
wall pieces after the liberation of the zoospores, but the H-shaped pieces 
of the present alga are not formed by the separation of the overlapping 
H-shaped portions of the cell-wall as in Microspora, but are formed 
merely by a transverse dissolution of an equatorial portion of the cell- 
wall, thereby bringing about a break of the wall in a circumcissile 
manner. Again the chloroplast in Microspora is reticulate and without 
any pyrenoid, whereas in the present alga the chloroplast is not reticu- 
late and has a definite pyrenoid in it (Hazen, 1902, p. 167; Heering, 
1914, p. 147; Printz, 1927, p. 170; Fritsch, 1935, p. 210; Smith, 1950, 
p. 149). 


Thus the present alga, while showing resemblance to a number of 
genera of the Ulotrichaceae in certain features, does not agree fully 
with any one of them. Moreover, it shows certain special features 
of its own. The alga may, therefore, be placed in a new genus in the 
Ulotrichaceae by name Gloeotilopsis and the alga itself may be called 
Gloeotilopsis planctonica gen. et sp. nov. 


DESCRIPTION 


Gloeotilopsis gen. nov. 


Alga hec efformat brevissima filamenta, que faciliter rumpuntur 
in breviora fragmenta, atque sepe in cellulas individuas. Filamenta 
non includuntur opertorio mucoso. Cellule elongate, cylindrice, 


polis late rotundatis; cellule adjacentes in filamento inter se contin- 


guntur tantum per partem aliquotam superficiei. Cellule continent 
nucleum unicum atque chloroplastum parietalem disciformem, pyre- 
noideo unico chloroplasta occupant p/us minusve totam longitudinem 
cellule, atque extenduntur per tres quartas partes circumferentie. 
Reproductio per fragmentationem filamentorum atque per zoosporas 
biflagellatas, quarum 1-8 in singulis cellulis producuntur. Zoospore 
predite macula oculari definita; liberantur vero per circumcissionem 
parietis lateralis, parietibus vacuis efformantibus fragmenta instar 
littere H. Aplanospore sepe formate loco zoosporarum. Reproductio 


sexualis ignota. 
Gloeotilopsis planctonica spec. nov. 
Characteres ut in genere. Cellule 3-5 late, 8-24 longe. 
Typus lectus in cultura limosa algarum ex lacu in Museo Gubernii, 
in civitate Madras. 


Gloeotilopsis gen. nov. 


Alga forming very short filaments which readily fragment into 
RE pieces aod often into individual cells. Filaments not enclosed 
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in a mucous envelope. Cells elongate cylindrical with broadly rounded 
poles, the adjacent cells of the filament being in contact along only a 
part of their surface. Cells containing a single nucleus and a parietal 
plate-like chloroplast with a pyrenoid. Chloroplast occupying more 
or less the whole length of the cell and extending to nearly three-fourths 
of the circumference. Reproduction by fragmentation of the fila- 
ments and by biflagellate zoospores, of which 1-8 or more are formed 
in each cell. Zoospore provided with a definite eye-spot. Zoospores 
liberated by a circumcissile break of the lateral wall across the cell, 
the empty walls of the cells of the filament forming H-shaped pieces. 
Aplanospores often formed instead of zoospores. Sexual reproduc- 


tion not known. . 


Gloeotilopsis planctonica sp. nov. 


Characteristics same as those of the genus. Cells 3-5 broad 
and 8-24, long. 


Habitat—Found in a culture of silt algae from a pond in the 
Government Museum, Madras. 


The authors’ sincere thanks are due to Rev. Father H. Santapau 
for the Latin diagnoses of the new genus and the new species. 
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ON SEXUAL REPRODUCTION IN A NEW 
SPECIES OF GOLENKINIA 


By M. O. P. IYENGAR 
University Botany Laboratory, Madras 
AND 


M. S. BALAKRISHNAN 
Department of Botany, University of Poona 


(With 12 Text-Figs.) ~ 
(Received for publication on September 9, 1956) 


UNTIL quite recently, no case of oogamous reproduction was known 
in the Chlorococcales. Korschikoff (1937) was the first to observe 
oogamous reproduction in the order. He described the details of 
oogamous reproduction in Golenkinia longispina Korsch., G. solitaria 
Korsch. and Micractinium pusillum Fres. Tyengar and Ramanathan (1940) 
described in detail oogamous reproduction in Dictyosphaerium indicum 
Iyengar & Ramanathan. Nygaard (1949, pp. 36-37) and Lund (1954, 
pp. 84-85) observed probable oospores in Micractinium pusillum Fres. 
But they did not observe any of the stages of sexual reproduction leading 
to the formation of the oospores. Recently the authors, while examining 
some formalin material of plankton algae from a temporary rain-pool 
near Lake Pashan, Poona, observed several stages of oogamous 
reproduction in a Golenkinia which appears to be a new species, and 
which has been named by them Golenkinia minutissima sp. nov. 
A brief account of this alga and the details of its reproduction are given 
below. 


The cells of the alga are solitary, small and round and measure 
4-5 to 6:5 in diameter. Its cell-wall is thin and bears a number of 
fine bristles all over the surface. The bristles are difficult to see in 
unstained material, but can be seen fairly clearly after staining in dilute 
aqueous solution of basic fuchsin or safranin. They are 7:5 to 10:5y 
long. The chloroplast is cup-shaped with a single pyrenoid (Fig. 1). 


Asexual Reproduction —Two, four or eight autospores are formed 
in a cell. The mother-cell-wall breaks up into two or more pieces 
releasing the daughter-individuals, which develop the characteristic 
bristles after liberation. 


Sexual Reproduction —A number of oogonial cells with the anther- 
ozoids fusing with the eggs was found in the material (Figs. 4, 6). 


- But no cells were found showing the division of their contents to form 


the antherozoids. On the other hand, a number of small empty cells 
from which the contents had escaped were found in the material 


_ (Fig. 8). The size of these small empty cells (3:5 to.4m in diam.) 


corresponded very closely with the size of the antherozoids (about 


12 


TEXT-Fics. 1-12. Golenkinia minutissima sp. nov. Fig. 1. A_ single cell. 
Fig. 2. Formation of 4 daughter-cells. Fig. 3. Formation of 8 daughter-cells. 
Bristles not shown in Figs. 2 and 3. Fig. 5. A group of four daughter-cells before 
separation. Fig. 7. A cell showing division of its contents into two protoplasts. 
Figs. 4 and 6. Fusion of the antherozoid with the egg-cell. Bristles not shown in 
Fig. 6. Fig. 8. Probably the empty wall of a male cell after the escape of the anthe- 
rozoid. Fig. 9. Zygote just escaping out of the oogonial wall. Fig. 10. Zygote 
which has covered itself with a smooth wall and is attached to the open end of the 
empty oogonial wall. Figs. 11 and 12. Zygotes with a spiny wall. 


Figs. 2, 3, 6, 9, 10; 11 and 12, x1,600. 
Figs. 1, 4, 5, 7 and 8, x1,000. 


3-5, in diam.) which were fusing with the eggs. It is very prob- 
able that the antherozoids which were fusing with the eggs came 
out of these small, but now empty, cells. If this should prove to be 
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the case, then these small cells must be considered as male cells, each 
producing a single antherozoid. 


After the fusion of the antherozoid with the egg, the zygote 
emerges from the oogonium (Fig. 9) and remains attached to the empty 
oogonial wall and soon covers itself with a wall (Fig. 10). The wall 
of the oospore then forms numerous short spines all over its surface 
(Figs. 11, 12). The ripe oospore has a firm wall which bears numerous 
short spines. The oospore is 6 to 7 in diameter, and the spines are 
1 to 1-54 long. 


DESCRIPTION 
Golenkinia minutissima sp. nov. 


Cells solitary, spherical, with a thin but firm wall bearing a number 
of fine bristles. Chloroplast cup-shaped with a single pyrenoid. Cells 
4-5 to 6:5 in diameter. Bristles 7-5 to 10-5 long. Asexual repro- 
duction by 2, 4 or 8 autospores. Sexual reproduction oogamous. 
4 Oospore verrucose 6to 7-5 in diameter. Spines 1 to 1-5y long. 


Habitat.—Planktonic in a rain-pool near Lake Pashan, Poona, 
Leg. M. S. Balakrishnan. 


Golenkinia minutissima sp. nov. 


Cellule solitarie, spherice, ornate tenui sed firmo pariete non- 
nullas subtiles setas supportante. Chloroplastum cyathiforme, unico 
, pyrenoideo preditum. Cellule 4:5 to 6:5 diameter. Sete 7:5 to 
. 10:5 longe. Reproductio asexualis per 2, 4, vel 8 autosporas. 
; Sexualis vero reproductio oogama. Oospore verrucose, 6 to 7:S5p 
: diameter. Spinule 1 to 1-5 longe. 


Typus lectus in lacuna pluviosa planktonica ad lacum Pashan 
prope urbem Poona, a M. S. Balakrishnan. 


4 The authors’ sincere thanks are due to Rev. Father H. Santapau 
: for kindly rendering into Latin the diagnosis of the new species. 
The junior author wishes also to thank Prof. T. S. Mahabale for 
kind facilities and encouragement. 
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OBSERVATIONS ON THE ANATOMY, 
CYTOLOGY, DEVELOPMENT OF THE 
REPRODUCTIVE STRUCTURES, FERTILI- 
ZATION AND EMBRYOLOGY OF PELVETIA 
CANALICULATA DCNE.ET THUR.* 


Part I. Anatomy of the Thallus and Somatic Mitosis 


By R. SUBRAHMANYAN 
Central Marine Fisheries Research Station, Kozhikode-5, S. India 
(Received for publication on September 9, 1956) 


INTRODUCTION 


WHILE many species of the Fucales have been dealt with in regard to 
their various aspects such as their structure, cytology and life-history, 
there are only very few accounts dealing with similar aspects of Pelvetia 
canaliculata; and even these are not comprehensive (Hansteen, 1892; 
Henckel, 1912; and Thuret et Bornet, 1878). Fritsch (1945 b, p. 355) 
has pointed out the desirability for a reinvestigation of the Fucales 
with fresh material by new methods. While engaged on a biological 
study of Pelvetia canaliculata in the Isle of Man, the author, at the kind 
suggestion of Dr. Margery Knight, made a detailed study of this alga 
both from fresh material and from carefully fixed and microtomed 
preparations. 


In the present paper, an account of the methods adopted, the ana- 
tomy of the thallus and the mitotic division of the nucleus in the somatic 
cells are given. The development of the conceptacles and the sexual 
organs, the liberation of the sexual products, fertilization of the ova 
and embryology will be described in later accounts. 


MATERIAL AND METHODS 


The material for the investigation was collected in the Isle of Man. 
Some material was fixed in the field and some was brought to the 
Laboratory (Marine Biological Station, Port Erin) and fixed there. 
Plants up to lem. were fixed whole, and plants of larger size 
were cut into bits 3 to 4mm. long to aid proper fixation. Sporelings 


were grown in cultures in the laboratory for the study of their early 
developmental stages. . 


Several fixing fluids were employed, the chief among them being 
Flemming’s weak formula with osmic acid and Allen’s modification 
of Bouin’s fluid (PFA;) with urea (Johansen, 1940; Gatenby and 


* Edited for publication from part of the Thesis accepted for the De f 
Doctor of Philosophy of the University of Liverpool, UK. hy "1 
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Painter, 1946). The latter proved to be the best. Osmic acid was 
used for certain stages of fertilization. 


The material fixed in PFA, was washed first in several changes 
of 50% alcohol and then in 70% alcohol, and when the alcohol no 
longer extracted any picric acid, the material was taken up the alcohol 
series to absolute alcohol, leaving it in each grade overnight, particularly 


i material happened to be the receptacles or older portions of the 
thallus. 


_The enormous quantity of mucilage present in the material appears 
to interfere with the proper dehydration, clearance and_ infiltration 
with paraffin wax. Many of the conventional methods of treatment 
usually described for the Fucacee (Chamberlain, 1933; Johansen, 
1940) proved of no avail with the present alga as the material slipped 
out of the paraffin ribbon during microtoming. After a series of experi- 
ments the following procedure gave good results. The material was 
left in the absolute alcohol for 3 to 7 days, changing the alcohol once 
a day. Then the absolute alcohol was quickly replaced by thin cedar 
wood oil which was changed twice in the course of two days. The 
material now becomes very transparent. The cedar wood oil was 
next replaced by xylol which was changed three times in the course of 
2 days. The material was infiltrated by the addition of paraffin wax 
(m.p. 49°C.) little by little and finally embedded in the usual manner. 
Sections were cut 3 to 154 in thickness and stained in iron-alum-hema- 
toxylin. Saturated solution of picric acid in water was used for differ- 
entiating the stain and slides were washed for at least 6 hours in run- 
ning water. Orange G and Light Green dissolved in oil of cloves 
were used as counter stains in certain instances. Permanent mounts 
were made in Canada balsam. The use of PFA, as a fixing fluid and 
cedar wood oil for clearing does not appear to have been tried for the 
Fucales. 


ANATOMY 
Apical Growth and Differentiation of Tissues 


The study was commenced on the adult plants met with on the 
shore (PI. XX, Fig. 1). Like the other members of the Fucales, Pelvetia 
is characterised by apical growth. In median longitudinal sections 
at right angles to the flat surface, the apical cell is seen situated at the 
bottom of a furrow which is filled with mucilage (Text-Fig. 1). The 
apical cell, in longitudinal section, appears 3-sided, the apex of the 
triangle pointing upwards (Text-Fig. 1). Occasionally, the apex appears 
somewhat depressed (Text-Fig. 2). It has a very conspicuous nucleus 
and is rich in cytoplasm and devoid of plastids, so much so, that it has 
a strikingly lighter colour as compared with the adjacent cells. In 
transverse sections the apical cell is rectangular with more or less 


rounded corners (Text-Fig. 6). In some instances, in transverse sec- 
~ tions, the apical cell has one of the corners more rounded than the other 


3 when it shows a resemblance to the same in some longitudinal sections 


 (Text-Fig. 3; compare with Text-Fig. 2). Very rarely, in the adult 
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of different shape. Fig. 4. T.s. of an apex showing three-sided apical cell (rare 
in adult plant). Fig. 7. Ls. parallel to the flat surface showing apical cell 
divided into two Segments, probably a division initiating a branch’ Fig. 8. Ls. 
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parallel to flat surface showing early stages of branching; initials have already cut off 
segments. Fig. 9. L.s. a little lower down the thallus; note contents of cells, pits 
on the walls of the cortical cells, lamellations of the ‘cuticle’. Big. 10. 1s. near 
apex showing tissues, meristoderm, cortex and medulla; note thickened walls of 
cortical cells. Fig. 11. L.s. of thallus parallel to the flat surface in the hypha produc- 
ing region; note hypa-cells. Fig. 12. Ls. parallel to the flat surface showing a 
portion of the medulla in the central region. (Figs. 1, 9, 11 and 125 2105228" 
x 450; and 10, x300.) 


plant, it presents a triangular appearance in transverse sections (Text- 
Fig. 4) and in this respect it resembles the primary apical cell differ- 
entiated in the sporeling. 


In a median longitudinal section parallel to the flat surface of the 
thallus, the apical cell is seen situated at the centre of the furrow which 
is not as deep as it appears in longitudinal sections taken at right angles 
to the flat surface. On either side of it are seen segments cut off by 
the apical cell (Pl. XX, Fig. 2). Sometimes it is difficult to distinguish 
the apical cell from the segments cut off by it, since all of them resemble 
one another very closely for some time. The difficulty in distinguishing 
the apical cell from its own segments and the irregular forms exhibited 
by the apical cell have been referred to by Oltmanns (1889, pp. 27-28). 
By an examination of a large number of sections in all planes, it was 
observed that the apical cell has the form of a truncated pyramid with 
4 sides and a base, all the 5 sides contributing to the growth of 
the thallus. 


The apical cell cuts off a segment first towards the base (Text-Fig. 2) 
and then on each of the 4 sides (cj. Oltmanns, op. cit). The basal seg- 
ment by one or more divisions parallel to the first division (periclinal 
division) and then at right angles to it (anticlinal division) forms a small 
group of cells immediately below the apical cell. The lowermost of 
the cells thus cut off gradually lengthens and contributes to the forma- 
tion of medullary elements. The lateral segments of the apical cell 
undergo more anticlinal than periclinal divisions. The _ resulting 
daughter cells again divide anticlinally, and, as they lengthen by growth 
cut off occasionally some cells towards the base. They always remain 
longer than broad and, owing to the repeated anticlinal divisions form 
a “palisade-like”’ superficial layer of cells which lines the sides of the 
furrow and extends further outwards (Text-Figs. 1 and 2; Pl. XX, Fig. 4). 
This surface layer of cells is covered by a fairly thick mucilaginous 
“cuticle” (Pl. XX, Fig. 4, cu). Each cell of this tissue possesses a nucleus 
which is situated at the centre or base of the cell, and a large number 
of yellowish-brown chromatophores. The cells undergo longitudinal 
divisions which increases the surface of the thallus, and occasionally 
also cut off cells from the base which add to the cortex. The meri- 
stematic activity of this layer of cells extends to some distance down 
the apex of the frond and, because of its meristematic nature, this layer 
is designated meristoderm (Fritsch, 1945 a, p. 4). 


The cells cut off towards the base by the lateral segments of the 
apical cell also behave somewhat in the manner as the basal segment 
cut off by the apical cell. They appear to undergo one or more 
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periclinal divisions and the lowermost cell lengthens into a medullary 
element. The upper cells by anticlinal divisions contribute a little towards 
the formation of the cortex; but, the majority of the constituents of 
the cortical tissue is derived from the basal cells cut off by the super- 
ficial layer of cells. The cortex rarely exceeds 4 cells in thickness 
(Text-Figs. 1, 2 and 7; Pl. XX, Figs. 2 and 4). The cells show a promi- 
nent nucleus situated at the centre. Near the apical region they may 
function as an assimilatory tissue for a time as they contain a number 
of chromatophores. The walls of the cortical cells become thickened 
very early so that one often sees the contents of the cells as a rounded 
mass. Intercellular spaces also are seen in the tissue. The cortex 
in this alga is not a very well differentiated tissue as it is in Fucus 
(Oltmanns, 1922, p. 211, Figs. 1 and 2) or Halidrys (Fritsch, 1945 a, 
pz 13)" Figs) ¥), 


The cells of the medulla show progressive elongation from apex 
downwards and are seen in longitudinal files as a result of the early 
thickening of their lateral walls, secretion of mucilage between them 
and continued transverse divisions. The transverse walls remain thin. 
Each cell possesses a nucleus and a few chromatophores. Connexions 
with adjacent filaments also are seen very near the apex itself (Text- 
Fig. 1) so much so a net-like appearance of the medulla results (Pl. XXI, 
Fig. 7). This point will be referred to again later. 


Thus, it will be seen that the differentiation of the tissues takes 
place very near the apex itself. There are (1) an outermost layer of 
*nalisade-like”’ cells, the meristoderm; (2) a narrow zone of hexagonal 
to round cells, never exceeding four cells in thickness, the cortex; and 
(3) the medulla, which comprises by far the greater portion of the thallus, 
presenting a filamentous condition due to the development of an enor- 
mous quantity of mucilage. 


Branching of the Thallus 


Branching of the thallus becomes apparent as soon as the thallus 
shows flattening. Branching is initiated by the apical cell dividing 
longitudinally in a plane at right angles to the flat surface of the thallus. 
This is clearly seen in sections parallel to the flat surface of the thallus 
(Text-Fig. 7) and in transverse sections (Text-Fig. 5). The segment 
thus cut off is almost half the initial cell and assumes the form and 
function of an apical cell. Each apical cell then gives rise to one limb 
of a branch and soon a mound of tissue separates them (PI. XX, Fig. 6) 
dividing the apical furrow into two. Fritsch (1945 b, p. 351 et seq.) 
has reviewed in detail the modes of branching in the several families 
of Fucales and it may be mentioned here that the branching is stated 
as dichotomous in Fucus and the same is supposed for Pelvetia also 
(Oltmanns, 1889). In Fucus vesiculosus and F. serratus Knight and 
Parke (1950, pp. 458-59) describe the branching as a monopodial sys- 
tem in which the lateral branch initial arises in the immediate vicinity 
of the apical cell, simulating a dichotomy. In Himanthalia lorea, Naylor 
(1951, p. 511 and 529) states that the branching is dichotomous. The 
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branching in Pelyetia canaliculata, as far as can be seen from a detailed 
study of its origin, is not a case of true dichotomy (as in Dictyota) but 
a case of false dichotomy brought about by a lateral segment cut off 
by the apical cell developing vigorously and producing a branch which 


is similar to the main axis in all respects and thus giving an appearance 
of dichotomy. 


The Mature Thallus 
Primary Changes 


Longitudinal and transverse sections of the thallus taken a few 
millimetres below the apex show several changes taking place in the 
tissues. The meristoderm divides more anticlinally than periclinally. 
The former divisions go to increase the surface of the thallus con- 
siderably, while the latter add to the cortex. The meristoderm func- 
tions in this manner over a great extent of the thallus, nearly a third 
in the case of a well grown large plant and to a greater extent in the 
smaller ones. Soon their lateral walls undergo a certain amount of 
thickening, as also the transverse walls. In the latter instance, sonie- 
times, small areas of the walls towards the inside are left unthickened and 
with a similar occurrence on the wall of the cortical cell adjacent to it, 
pit connections arise (Text-Fig. 9). Viewed from above (in sections 
taken parallel to the surface of the thallus) the cells of the meristoderm 
appear square or round. Some of the cells show a thin wall traversing 
them which indicates recent division. The lamellations of the muci- 
laginous “‘cuticle’’ increase from the apex downwards. The cells show 
a nucleus and several chrcmatophores. The chromatophores become 
fewer in them in the older portions of the thallus. 


The cortical cells also undergo anticlinal divisions occasionally. 
The cells of the cortex (Text-Fig. 9) progressively increase in size towards 
the centre and the innermost elements appear to pass into the medulla. 
The gradual increase in the size of the cells, the thickening and secre- 
tion of mucilage between the walls make it difficult to draw a line as 
to where the cortex ends and where the medulla begins. The walls 
of the cortical cells also, during thickening, leave small unthickened 
areas, more commonly in the transverse plane and such areas of adja- 
cent cells coincide giving rise to pit connexions (Text-Fig. 9). The 
middle lamella could be seen on careful examination separating the 
contents of two such adjacent cells; no cytoplasmic continuity, how- 
ever, through the pits could be established (cf. Hick, 1885; Hansteen, 
1892). Each cell possesses a nucleus and a number of chromatophores. 
Traversing down the thallus the cortical cells.are seen with their walls 
progiessively thickened. = 


The changes that take place in the medullary region are more strik- 
ing. In transverse sections (PI. XX, Fig. 3) the cells appear as though 
embedded in mucilage. Individual cells cut across appear round and 
sometimes several may be seen in an irregularly arranged series (Text- 
Fig. 14). In longitudinal sections at right angles to the flat surface, 
the medulla presents a somewhat compact appearance. In longitudinal 
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sections parallel to the flat surface, the medullary elements have a net- 
like appearance (Text-Fig. 13; Pl. XXI, Fig. 7) and this appearance 
has been rightly likened to that presented by the conjugating filan-ents 
of Spirogyra (Hansteen, 1892, p. 331). The mucilage development 
is very abundant. The medullary elements appear to increase owing 
to additions from the cor.ex also. A nucleus is cleraly seen in each 
of the cells and with increasing distance from the apex the chromato- 
phores become scarcer and scarcer. 


It may be interesting to mention here some indications as to how 
the filamentous net-like condition of the medulla could have arisen. 
If there is no production of mucilage at all, .hen we should have a com- 
pact tissue, the individual cells having pits on their longitudinal walls, 
almost resembling the condition in Halidrys (Fritsch, 1945 a, p. 13, 
Fig. 18). But, in Pelvetia, owing to the development of mucilage 
between the thickened portions of the walls, the cells become drawn 
apart; the pit areas, however, remain in contact. As there happens 
to be pit connexions on several parallel rows of medullary filaments 
a net-like appearance results. Also, the activity of the meristoderm 
adds to the tissues inside; and this, coupled with the profuse deve- 
lopment of mucilage, appear to pull the medullary elements apart. 
The mucilage after being fully formed becomes toughened as it were 
and becomes strongly lamellated, and helps to keep the 1nedullary cells 
in position (Text-Figs. 13 and 14). At about the same time, the meristo- 
derm ceases to be active and hyphal production (see below) starts in 
the medullary region. 


Secondary Changes 


As the thallus gets older, secondary changes take place in its differ- 
ent tissues, medulla, cortex and meristoderm. 


Secondary changes in the medulla—Secondary changes in the 
medulla are mainly centered around the production of hyphe in that 
region. It is very difficult to trace their origin. Some iasight into 
their origin could be obtained only from longitudinal sections parallel 
to the flat surface of the thallus in the region where they are fewer in 
number. They appear as outgrowths from the lower ends of the medul- 
lary cells (Text-Fig. 12,4). They have also been observed to arise 
from the sides of the medullary cells and take a downward course. 
None were seen directed upwards. They are composed of very long 
cells which grow, occasionally divide transversely and become multi- 
cellular, and take a tortuous downward course. The walls of the 
hyphe cells are more or less of the same thickness as those of the medul- 
lary cells and the contents of the cells also appear almost identical. 
The only difference noticeable is that the cells are narrower. Ia trans- 
verse sections they present a round or oval outline and several appear 
embedded amongst the larger medullary cells. 


_As one examines the thallus downwards, one notices the striking 
addition to the medullary tissue through the production of hyphe. 
The loose net-like appearance of the medullary tissue in the younger 
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TExtT-Fics. 13-18. Pelvetia canaliculata. Anatomy of the thallus. Fig. 13. L.s. 
parallel to flat surface showing a portion of the medulla with network of medullary 
cells, transverse connexions and copious development of mucilage. Fig. 14. A 
portion of the T.s. of the thallus of adult plant in the same region as that shown in 
Fig. 13. Fig. 15. L.s. about 2 cm. from the base of the thallus of an adult plant; 
note thickened walls of cells, parasites in the cuticular layer, development of mucil- 
age,etc. Fig. 16. L.s. of the thallus in the older portion, about 2-3 cm. from base; 
note medullary elements, hyphe and thick nature of cell-walls. Fig. 17. Outer- 
most portion of the thallus shown in Fig. 15, to show the parasites. Fig. 18. A 
portion of the holdfast in T.s. (Fig. 17, x650; rest, x210). 


portions of the thallus is gradually lost as one proceeds downwards and 
the medulla presents a more and more compact appearance (Pl. XXI, - 
Fig. 7 and Pl. XX, Fig. 5). The hyphe run prevalently in a longitudinal 
direction but in the older parts they appear to change their course tc 
an oblique or even tiansverse direction. In longitudinal sections a few 
are seen cut transversely and obliquely, and in transverse sections quite 
a large number appear cut in a longitudinal plane. The walls of the 
medullary elements as well as those of the hyphe show considerable 
thickening progressively downwards, and when closely examined appear 
lamellated; the contents become more dense with stained bodies and 
unstained brown globular bodies. A nucleus could also be made out 
on careful examination (Text-Fig. 16). 


Nea: the base of the thallus (about 2 cm. or so from the holdfast) 
the majority of the medullary elements consists of the hyphe, the medul-. 


lary cells proper being hardly 1ecognizable (Pl. XXI, Fig. 8). More of 
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the hyphe are cut obliquely and longitudinally in longitudinal aad 
transverse sections respectively indicating the zig-zag and transverse 
course of these elements near the base. No clear case of branching 
of the hyphz was observed and their encrmous numbers neat ithe basal 
parts appear to be due to increased production of these structures by 
the medullary cells and those growing down the thallus from higher 
levels. The network of hyphe and the thickened nature of their walls 
indicate a mechanical function for those elements (the “mechanical 
svstem”’ of Hansteen, 1892 and Heackel, 1912). Also the dens? con- 
tents of these hyphe and the medullary cells suggest that they probably 
function as a storage tissue as well. 


Secondary changes in the cortex.—The cortical tissue shows some 
striking changes when examined progressively downward. The inner 
elements of the tissue tend to be drawn out in a longitudinal plane and 
some merge with the medulla proper. A few of these elongated cells 
give rise to hyphe. Pit connexions occur in plenty and development 
of mucilage also takes place between the cells (Text-Fig. 11). The 
walls of the cortical cells show considerable thickening and lamella- 
tions. The cells possess rich contents (storage material?) and the 
nucleus is seen only on careful examination. In the lower part of the 
plant, the cortical cells do not have the compact and regular arrange- 
ment seen in the upper portion, but appear very irregularly arranged 
owing to the profuse development of mucilage round them (Pl. XX, 
Fig. 5 and Pl. XXI, Fig. 8; Text-Fig. 15). There are no indications of 
division taking place in them adding to the tissue. 


Secondary changes in the meristoderm.—The compact arrangement 
of the cells of the meristoderm seen at the apical region is lost pro- 
gressively downwards. The cells soon appear to lose their capacity 
for division and to function only as an epidermis in these regions. 
Their walls become increasingly thicker and their contents become simi- 
lar to those of the cortex. At a few centimetres above the base, the 
outermost cells of the layer are hardly recognizable from those of the 
cortex. Near the base of the thallus the epidermis has a worn out 
appearance (Pl. XXI, Fig. 9). The mucilaginous “‘cuticle’’ appears thicker 
and within it are seen enclosed, structures which appear to be the fruit 
bodies of some fungus (0 in Text-Fig. 17). It may be mentioned here 
that even within the cortical region in the older parts fungal mycelia 
are abundantly seen traversing the intercellular spaces. Sutherland 


(1915) has recorded several species of fungi from the thallus of Pelvetia 
canaliculata. 


_ Changes in the basal part.—Very near the basal parts, the charac- 
teristic channel of the thallus becomes shallower and between the hold- 
fast and the first forking very little of it is evident. The thallus shows 
in this region more or less an elliptical outline in transverse sections, 
and a little below and just above the flattened holdfast the transverse 
sections: appear more rounded (PI. XXI, Fig. 11). The epidermis is 
absent in this region and its place is taken by the outermost cortical 
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elements. At the periphery, these cortical elements are seen rather 
dispersed owing to profuse mucilage development between them. 
Their walls are very thick and lamellated. The major portion of the 
thallus in this region which is almost a transition to the holdfast proper, 
is composed of hyphe which traverse in all directions towards the sur- 
face; at the centre many still have a longitudinal course. The walls 
of the hyphe are very highly thickened and the elements at the centre 
are conspicuous on this account; it appears as though there is a central 
core of tissue in the thallus in this region (Pl. XXI, Fig. 11). The increase 
in thickness of the thallus noticed in this region as well as of the hold- 
fast appears to be due to the enormous production of hyphe in the 
medullary region. The region of the production of hyphe appears to 
shift more and more to the periphery of the medulla as the age of the 
thallus advances. 


It may be interesting to mention here that Oltmanns (1889, p. 29) 
has stated that hyphe in Pelvetia canaliculata are confined to the basal 
parts of the plants, to about 2 to 3 cm. height, where they are seen to lie 
equally distributed in the tissues. Hansteen (1912, p. 333) found hyphe 
in a section of the thallus taken at about 3 cm. height and on this basis 
states that they may occur much higher. The author, in order to find 
out where exactly hyphal development occurs in the present alga, took 
hand sections at different levels in plants of various sizes. He found 
that small plants, measuring less than 3 cm., show no hyphe anywhere 
in the thallus except very near the holdfast; and, as the individuals 
grow and increase in size, the hyphe are seen starting higher up. In 
very large plants, measuring 14 to 15cm., hyphe may be seen starting 
as high up as 10 to 12cm. from the base or even higher. 


The Holdfast 


None of the published papers give a complete picture of the hold- 
fast or the region immediately above it. These are the most difficult 
regions of the thallus to microtome. After repeated attempts, both 
longitudinal and transverse sections were obtained (Pl. XXI, Fig. 10 and 
Text-Fig. 18). In longitudinal sections, the medullary region of the 
holdfast appears spread out and the whole of the region is composed 
of interwoven hyphe, the cells of which have thick lamellated walls. 
The contents of the cells do not take up any stain and are dense and 


-yellowish-brown in colour.. Even if there is any cortical tissue left in 


this part of the thallus, it is very difficult to distinguish it from the 
central mass of hyphal tissue. There is no trace at all of the epidermis 
which appears to have already ceased to exist higher up above. 


A comparison of the longitudinal section with the transverse section 
of the holdfast shows that more hyphe are cut transversely in the former 
and longitudinally in the latter. The hyphae, as they near the substra- 
tum appear to take more and more a transverse course, and obviously 
this arrangement helps to spread the disc-like holdfast and secure a 
firmer attachment to the substratum. The tough sticky mucilage evi- 


dently helps to give further hold on the rock. 
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Adventitious Branches 


Adventitious branches are formed whenever any part of the thallus 
is injured badly, particularly in the younger portions of the plant. 
Artificial injury also induces the production of these adventitious 
branches (Subrahmanyan, unpublished, - 1948 a). These observations 
are in close agreement with those of Oltmanns (1889, pp. 74-75) on this 
alga. The adventitious branches show the same structure as that of 
the thallus (Pl. XXI, Fig. 12). 


SOMATIC MITOSIS 


Material fixed at different hours of the day showed mitotic figures. 
And so it could not be stated definitely that the division of the nucleus 
was more frequent at any particular time of the day. Division figures 
were quite frequently observed at the apical region, the meristoderm, 
the cortex and occasionally in the medulla also. Division of the nucleus 
in the apical cell would have been the best for study, but unfortunately 
it was hard to come by. The nucleus in this cell was seen in a pro- 
phasic condition quite often but the later stages were not observed. 
The following account, therefore, refers to the division of the nucleus 
in the cells of the meristoderm and the cortex. The early stages seen 
in the apical cell agree with those in the cells of the other parts of the 
thallus. 


The size of the nucleus varies from 3 to 64 in the thallus cells and 
from 5 to 8y in the apical cell. In the resting condition, the nucleus 
is bounded by a nuclear membrane and shows usually one nucleolus, 
occasionally two. The nucleolus is very darkly stained unlike the 
reticulum. On very careful examination, the reticulum shows a 
granular structure. During prophase the reticulum stains more deeply 
and thin chromosomal threads become discernible in the nucleus; 
and in late prophase, a large number of dot-like chromosomes are seen 
distributed more or less uniformly in the nuclear space (Text-Fig. 19). 
By about this time the nucleolus generally disappears (Text-Fig. 20), 
but sometimes it persists a little longer. At metaphase the chromo- 
somes are seen arranged rather compactly at the equator of the spindle 
(Text-Fig. 21). The spindle is intranuclear. The nuclear membrane 
persists till metaphase; at the poles of the spindle, however, it is not 
quite evident. During anaphase two sets of daughter chromosomes 
move towards the poles of the spindle (Text-Figs. 22, 23 and 24) which 
later become rather a compact mass in which individual chromosomes 
are very difficult to recognize (Text-Fig. 25); and in telophase two 
daughter nuclei are organized. 


No centrosomes were seen during this division of the nucleus. - 


It is very difficult to determine the number of chromosomes owing to 
their large number and compact arrangement both at metaphase and 
the subsequent stages. An attempt at estimation could be made only 
in late prophase stages and even here owing to the smallness of the 
nucleus it was not possible to reckon the number definitely. About 
40 (2n) chromosomes could be counted. 
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The details of mitotic division described here are in agreement in 
essentials with those recorded by Roy (1938) in the sane alga and 
those of Yamanouchi (1909) in Fucus vesiculosus. Roy has not recorded 
centrosomes during mitotic division; but Yamanouchi has observed 
them in Fucus. 


It is not possible to state how the division of the cytoplasm is 
effected to form the two daughter cells. After the two daughter nuclei 
are organized, a thin line is seen at first separating the two daughter 
nuclei. A critical examination indicates that this appearance is pre- 
sented by a very narrow cleft separatiag the two daughter protoplasts. 
This is probably brought about by a centripetal cleavage of the cyto- 
plasm, a cellulose wall being laid down later on. 


TextT-Fics. 19-25. Pelvetia canaliculata. Mitotic division of the nucleus in 
the thallus cells. Figs. 19 and 20. Prophase stages. Fig. 21. Metaphase, nuclear 
membrane not completely disappeared, spindle intra-nuclear, Figs. 22 and 23. Early 
anaphase stages. Figs. 24 and 25. Late anaphase stages (Figs. 19 and 20, x 650; 
21-25, x790.) 


DISCUSSION 


Like the other members of the Fucales Pelvetia canaliculata is 
characterised by apical growth. Growth takes place by means of a 
truncated pyramidal apical cell and a differentiation of the tissues, 
meristoderm, cortex and medulla is attained very near the apex itself. 
Growth and additions to the tissues continue some way down the apical 
region owing to the activity of the meristoderm and to a lesser extent 
by the cortical cells. This region is variable with the size of the plants. 
Then, a series of secondary changes are initiated by the production 
of hyphe in the medullary region, leading to complicated changes in 
the structure of the tissues as witnessed from the apex downwards. 
The changes noticed in the tissues are somewhat similar to those 
observed in Fucus by Oltmanns (1889) and Reinke (1876). No cyto- 
plasmic continuity through pores in the transverse walls could be sub- 
stantiated though Hansteen (1892) represents such. Compared with 
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the parenchymatous structure seen in the Cystoseiracee (Fritsch, 1945 a) 
and the gelatinization and thickening of the walls, though to a lesser 
extent, seen in Fucus (Oltmanns, 1889), the structure of Pelvetia with 
its thick lamellated cell-walls and profuse production of mucilage within 
its body, appears to be an adaptation to its higher habitat on the shore 
where it is left exposed for considerable periods during low tides. It 
has been pointed out that the rate of loss of water is considerably lower 
in Pelvetia as compared with the other members of the Fucacee (Issac, 


1933; Zaneveld, 1937). 


It may be of interest to recall here the designations employed by 
the earlier workers (Hansteen, 1892; and Henckel, 1912) to describe 
the tissues of the mature thallus of Pelvetia canaliculata and the struc- 


tures comprised in such terms. 


The ‘“‘assimilatory system”, according to Hansteen (1892, p. 321), 
consists of a single layer of cells radially stretched with plenty of pheo- 
plasts. This corresponds to the ““meristoderm” described in the fore- 
going pages. According to him (op. cit., p. 324) there is no sharp 
morphological difference between this system and the “storage system” ; 
and, the assimilatory system exists in the older parts as well, even near 
the holdfast though the contents are identical to those of the structures 
inside. Henckel (1912, p. 76) includes a few of the inner layers of cells 
in the “‘assimilatory system”; otherwise their descriptions agree as to 
the behaviour of this tissue. In their account of the other systems or 
cells, ‘‘storage system’’, “conducting system”’ and “‘mechanical system” 
(Hansteen, op. cit.), “storage cells”, ““conducting cells” and ““hyphe” 
(Henckel, op. cit.), there appears to be fair agreement between them. 


The observations of the author indicate that it may not be quite 
correct to employ such physiological terms to describe the tissues in 
Pelvetia canaliculata, for, it is seen from the nature of the tissues that 
one tissue may have more than one function or it may behave differently 
in a different part of the plant. The outermost layer of cells is found 
to be active to some distance down from the apex of the thallus and 
shows anticlinal and periclinal divisions which add to the tissues of 
the thallus and because of its meristematic nature was termed “ meristo- 
derm” (cf. Fritsch, 1945 a). It has been already pointed out in that 
context that the meristoderm may discharge an assimilatory function 
as well, as the cells contain abundant chromatophores. The cells of 
the cortex also function in a similar manner, for they too contain 
chromatophores. An exclusive assimilatory function cannot be attri- 
buted to the meristoderm alone. In the young plants the outermost 
layer is meristematic over the whole of the plant excepting the region 
of the holdfast. In the adult plant, from the region where hypha produc- 
tion begins and downwards, the meristoderm does not appear to func- 
tion as a meristematic tissue, particularly, in the lower regions, and 
wherever it is present it may be termed “epidermis” or “outer layer "— 
the term employed by Oltmanns (1889). The cells may carry on assi- 
milation in the upper portions of this region but in the lower portions 
they show such dense contents that they are hardly different from the 
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cortical elements. Their function appears to change into one of storage 
apart from being a protective layer. In the region of the holdfast and 
a little above it, it is doubtful whether the epidermis exists as such. 
The outermost elements of the cortex function as an epidermis. 


The cortex in the apical region does not show, as far as it could be 
judged from physical appearances, any denseness of contents to warrant 
any designation, such as “‘storage system”. From the region where 
hyphal production begins and downwards the cortical cells stain more 
deeply, their contents become denser progressively downwards and 
the tissue, to all external appearance, acts as a storage tissue. Also 
im young plants where no hypha production manifests itself so early, 
the cortical cells may appear with dense contents. In the older parts of 
the mature plants the contents of the medullary elements too, including 
the hyphz, as pointed out earlier, have a similar appearance. It appears, 
therefore, misleading to employ the term “storage system” when refer- 
ring to the cortex alone. 


__ Again, a section of a very young plant shows the chromatophores 
distributed uniformly in all the cells of the plant and no demarcation 
between cortex and medulla is possible; and, it is not improbable that 
the whole thallus of the plant here functions as an assimilatory tissue, 
and to designate the outermost layer alone as assimilatory tissue and 
the inner as “‘storage”’ is misleading. 


The hyphe are distributed throughout the medullary region of 
the old plants and do not form a compact tissue as they do in the mid- 
rib of Fucus (Oltmanns, 1889). Only a few millimetres above the 
holdfast is there any indication of a central ‘‘core”. The nature of 
their walls and their abundant presence in the older parts reinforcing 
the mucilaginous portions of the medullary region certainly indicate 
that they give mechanical strength to the thallus of the plant. 


As will be evident from the above remarks, the nature, structure 
and function of the tissues in Pelvetia canaliculata change with the 
age of the plant. It, therefore, appears that the tissues in Pelvetia 
have not attained such a degree of organization so as to be designated 
by physiological terms. 


In the light of observations carried out on this alga in a study 
relating to the rate of growth and the cycle of reproduction (Subrah- 
manyan, 1948; 19486), a few words may be added here about the 
storage of materials in this plant. Very little is known about the 
chemical nature of the contents stored in the tissues in the older parts 
and how far they are used up again if so, though it is generally presumed 
that they are reserve food. During its life-cycle, Pelvetia does not show 
any “resting period” to tide over unfavourable seasons (cf. Knight and 
Parke, 1931, pp. 15-16). The plant (Subrahmanyan, 1948 a unpublished) 
shows more or less uniform growth for the first 2 years and with the 
onset of reproduction in the third year or so, a rhythm sets n, with a 
period of growth alternating with a period of reproduction; then, 
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as the plant becomes older, growth begins to decline and all the vegeta- 
tive apices are transformed into receptacles and the plant ultimately 
dies. As there is no appreciable vegetative growth during the reproduc- 
tive period, the metabolism of the plant, it is permissible to assume, 
is diverted in the interests of reproduction. Examination of the thallus 
before, during and after reproduction in the region where the contents 
are dense (cortical and medullary regions in the older parts) does not 
reveal any difference in their condition as far as it could be ascertained 
by examination under a microscope. Only further research into the 
physiology and biochemistry of the plant will decide this point. It may 
be of interest to mention here that Hass and Hill (1929) have found 
a small amount of a free reducing sugar, probably a pentose, and man- 
nitol in Pelvetia canaliculata. Further, it is well known that many of 
the brown seaweeds contain alginic acid, which is of great economic 
importance. No tests, however, could be made during the present 
investigation as to this aspect as it was beyond the scope of this work. 


SUMMARY 


1. The anatomy of the thallus of Pelvetia canaliculata Dene. et 
Thur. growing in the Isle of Man is described in detail. 


2. The thallus grows by means of a truncated pyramidal apical 
cell, which cuts off segments on each of its 5 sides. The segments 
give rise to 3 tissues, the meristoderm, the cortex and the medulla. 


3. The primary changes in the tissues differentiated and the second- 
ary changes that are brought about by the production of the hyphe 
are described. 


' 4, The structure of the holdfast is described for the first time. 


5. Details of the somatic mitotic division in the thallus cells are 
dealt with. The number of chromosomes appears to be over 40 (27). 


6. The designations employed by the older authors to describe 
the tissues are discussed in the light of the present investigation. 
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EXPLANATION OF PLATES 
PLATE XX 


Fic. 1. Photograph of Pelvetia canaliculata. Note profusely branched and chan- 
nelled nature ofthe thallus, x0-7 (Photograph by courtesy of Dr. M. 
Knight.) 


Fic. 2. Ls. of the apex parallel to the flat surface of the thallus of a plant about 
2cm. size. Note apical cell and its segments at the bottom of the fur- 
row, X203. 
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T.s. of the thallus (a portion). Note the three tissues and the copiously 
developed striated mucilage in the medulla, 457. 


L.s. at right angles to the flat surface of the thallus of an adult plant. 
Note the tissues and ‘cuticle’, mucilage developed tetween the lateral 
walls of the medullary cells and their progressive lengthening from 
apex downwards, 70. 

L.s. parallel to the flat surface of the thallus of an adult plant, more than 
half way down the apex. Note dense contents of the cells and a rather 
more compact nature of the medullary elements due to hyphal produc- 
tion, x70. 


L.s. of a young plant showing branching of the thallus, x45. 
PLATE XXI 


L.s. parallel to the flat surface of the thallus of an adult plant, rear apex. 
Note network arrangement of medullary cells, X27. 


Ls. at right angles to the flat surface of the thallus of an adult about 2-3 cm. 
from the base. Note worn out epidermis, dense contents of the tissves 
and medullary elements cut in all planes due to zig-zag course of the 
hyphe, x35. 


L.s. of portion of the thallus of adult plant, at right angles to the flat sur- 
face, about 1 cm. from holdfast. Note medullary cells cut in all plares, 
dense contents of the cells, few cortical cells and absence of the epi- 
dermis. Bulk of tissue, very probably hyphe, x35. 


L.s. of holdfast of an adult plant. For explanation see text, x13. 


T.s. of thallus of an adult plant through the region where the holdfast 
begins to spread out. Note the rounded outline, the somewhat com- 
pact nature of the innermost elements forming a sort of ‘core’, formed 
mainly by the hyphe, x 13. 


L.s. of apex of a young plant showing adventitious branches. Note the 
branch cut in median plane, x32. 
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THE VEGETATION OF PATNA 
DISTRICT (BIHAR) 


By J. G. SRIVASTAVA 
National Botanic Gardens, Lucknow 
(Received for publication on June 29, 1956) 


THE vegetation of the Patna District is described in the Patna District 
Gazetteer (1907) and that of the Shahabad-Gaya-Patna-Monghyr- 
Bhagalpur area in Haine’s Botany (1921-25); but these descriptions 
are very meagre and based on very old observations, some made as 
early as the first quarter of the last century. A study of the flora of 
this district by Srivastava (1954) and Srivastava and Mehta (1956 a, b) 
showed the introduction of a large number of species and the disappear- 
ance of many. These changes in the flora have certainly been possible 
- because the original set-up has been disturbed. A thorough study 
of the present-day vegetation had therefore become necessary and this 
was made during the author’s stay at Patna in the period 1949-54. 


LOCATION AND PHYSICAL FEATURES 


Patna District, situated between 24° 97’-25°57'N. latitude and 
84° 44’-86° 4’ E. longitude, has a total area of 2,075 square miles. 
It occupies an almost central place in the province. 


Topographically the district may roughly be divided into three 
separate areas: (1) In the north is a narrow strip of somewhat elevated 
land, 173-80 feet above sea-level, about 4 miles wide, but very narrow 
near Fatwa. This runs along the southern bank of the Gange River, 
and gently slopes to the south. It is made of Kankar (nodular lime- 
stone) and is very fertile. Most of the important townships are located 
on this strip and the major highways and the Eastern Railways run 
over this strip. (2) The south-east of the district is much higher 
(about 300 feet above sea-level) and here the Rajgir hills rise above the 
surrounding country. The soil layer is thin, coarse and sandy and 
just below it lie rocks. (3) Between these two raised strips, there is a 
vast low plain forming the major part of the district. This has no 
eminences and undulations, and it gently slopes to the north-east. 
This portion is extremely fertile and except for the scattered towns 
and villages, is a vast cultivated area, interspersed with mango-topes 
and palm-groves besides being intersected by the rivers and their old 
channels. 


The Rajgir hills are the only hillls present in the district. They 
form part of a range some 40 miles long running north-east from near 
Bodh-Gaya and forming a part of the boundary between Patna and 
Gaya Districts. The Rajgir hills proper are two parallel and close 
ranges between Rajgir and Giriak, opening out south of the Rajgir 
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The river Ganga bounds the district in the north (please see map) 
and the Sone River, forming the north-western boundary, meets the 
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Ganga at Maner. Besides these two, there are seven others, viz., Punpun, 
Morhar, Dardha, Phalgu, Paimar, Panchanna and Sakri, all of which 
arise in the Chota Nagpur plateau and after passing through the Gaya 
District, intersect Patna District in a north-easterly direction, but sooner 
or later, they take a turn to the east. They are all rainy-season streams, 
the larger part of the water brought down by them is diverted into 


ninth 


~ S 


THE VEGETATION OF PATNA DISTRICT (BIHAR) 393 


Irrigation channels and reservoirs to be distributed among the fields. 
Many of them thus get completely lost, a few join one of the bigger 
rivers; only the Punpun and the Pha!gu retain their identity, the former 
Joins the Ganga near Fatwa, and the latter meets the Ganga near Lakhi- 
Sarai (Monghyr District). 


The strip of raised land along the bank of the Ganga, which diverts 
these rivers to the east, is an obstruction to natural drainage, therefore 
in Patna Sadar, Patna City, Bihar and Barh subdivisions, hundreds 
of miles of low lands annually get inundated as soon as the watet-level 
in the rivers rises. This also fills up many of the abandoned channels 
of the rivers, which, after the receding of the flood-waters, appear as 
long deep canals or as chains of small lakes and ditches. The inun- 
dated areas annually receive a layer of fine sili, they are therefore 
extremely fertile. 


The rivers, particularly the Sone, have been changing their course 
quite often. The Sone has been gradually shifting to the west (vide 
Rennel, 1788). Its two abandoned channels still to be seen are: 
(1) the “Serpentine” running from near Phulwari Railway Station to 
near the Patna High Court. Its eastern part, the ‘“‘Jalla’’ lying just 
south of the Patna-Bankipur town is now only a chain of small lakes 
and ditches collecting the local drainage and the sewerage of a part of 
the town, (2) an almost clogged up channel, running parallel to and 
north of the Serpentine, starts from near Patna-Gaya Road and runs 
to the Digha Ghat to discharge in the Ganga. The Serpentine is joined 
to this second channel near the Patna High Court. 


Of all the rivers, only the Ganga is wide enough to have any islands 
in it. There are several huge ones; their shapes, sizes and heights 
vary from year to year. These islands are formed near either bank 
and the bigger ones are usually intersected by narrow streams. The 
two islands forming part of the Patna District now, are located (1) bet- 
ween Dinapur and Sadakat Ashram, (2) between Bakhtiarpur and 
Barh. They are very low and get completely submerged during floods, 
and emerge out afterwards, covered either with a layer of silt or of 
sand, depending on the vagaries of the river. 


CLIMATE 


Patna possesses a monsoon type of climate. The hot wet season 
is from the 15th of June to the 30th of September. The rainfall is 
about 44-44” per annum, the heaviest portion in July-August. An 
interesting point observed is that the rainfall has been slowly decreasing 
and has also been very irregular, varying from 31 to 67” per annum 
and most of the time it falls in torrents rather than in steady showers. 
The mean maximum temperature in April-June is about 100° F. and 
the mean mininum temperature in January is about 50°F. The rela- 
tive humidity is 51 in May and 86-87 in July-August. The summer 
temperatures have gradually been rising and the relative humidity 
falling, so that there are signs of a slow desiccation in the area. From 
October to May, the wind blows from the west, during April and May 
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this is very hot and dry. From July to September, the Bay of Bengal 
current of the monsoon blows from an easterly direction and brings 
rains. 


VEGETATION 
For convenience in study, the district was taken up zone-wise. 


1. The Rajgir hills and the valley enclosed by them—The Rajgir 
hills formed part of a private Zamindari, and as such there was no 
protection to vegetation and unrestricted felling of trees and grazing 
reduced the forest to a scrub-jungle. At the lower levels, the rocks 
became quite bare and only few xerophytes could grow up in 
the crevices of the rocks. Now, with the coming in of the “Bihar 
Private Protected Forests Act, 1946, 1950’, the vegetation is bound to 
improve and the condition of ‘“‘dense jungles with scattered sal on the 
precipitous sides, and thick low brush-wood everywhere else, broken 
only by irregular path ways” (District Gazetter, 1907) may return soon, 
and already the induced scrub is giving place to less thorny species. 


The tops of the hills and the rugged precipitous sides are covered 
with a scrub-jungle interspersed with small trees, especially Boswellia 
serrata Roxb., Cleistanthus collinus (Roxb.) Benth., Sterculia urens 
Roxb., Cassia fistula Linn., Lannea coromandeliana (Houst.) Merr., 
Diospyros melanoxylon Roxb.. Cochlospermum religiosum (Linn.) Alston, 
Bridelia tomentosa B\., Cordia dichotoma Forst. f., and Mitragyna parvi- 
folia (Roxb.) Korth. The shrubs are Hamiltonia suaveolens Roxb., 
Securinega virosa (Roxb. ex Willd.) Pax. & Hoffm., Gardenia latifolia 
Ait., Ficus lacor Buch-Ham., Ficus glabella Bl., Ficus tomentosa Roxb., 
Carissa paucinerva A.DC., and Murraya_ paniculata (Linn.) Jack., 
Bridelia stipularis (Linn.) Bl., Acacia canescens Graham, Acacia torta 
(Roxb.) Craib, Zizyphus enoplia (Linn.) Mill., Olax scandens Roxb.., 
and Ichnocarpus frutescens R. Br., are the chief scramblers and climbers. 
The annually cleared areas near the temples and along the paths are 
occupied during the rainy season and winter with tall grasses, e.g., Apluda 
aristata Linn., Heteropogon contortus (Linn.) Beauy., Pennisetum poly- 
stachyon Schlitz. and Diectomis fastigiata (Swartz) Kunth. Among 
these grow up Ayptis suaveolens (Linn.) Poit., Anisomeles ovata (Linn.) 
O.Ktz., and other erect and climbing annual dicots. Several lichens, 
mosses, Selaginella rupestris Spring, Selaginella flaccida Spring, Lygo- 
dium flexuosum Sw., Adiantum lunulatum Burm., Cheilanthus — tenui- 
folius Sw., and many other plants grow under the shade of the trees 
and on damp banks. The few shrubs growing in the crevices of the 
rocks in the lower regions of the hills are Murraya paniculata (Linn.) 
Jack., Dendrocalamus strictus Nees., Acacia canescens Graham, Acacia 
torta (Roxb.) Craib, Nyctanthes arbor-tristis Linn., Pavetta indica Linn., 
Indigofera elliptica Roxb., Holarrhena antidysentrica (Linn.) Wall., 
Helicteres isora Linn., Diospyros montana Roxb.. Carissa opaca Stapf. 
and others. The scramblers are Combretum decandrum Roxb. and 
species of Acacia. The herbs are Desmodium gangeticum (Linn.) DC. 
Anisochilus carnosus Wall., Aerva sanguinolenta (Linn.) BL., Waltheria 
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indica Linn., Hibiscus micranthus (Linn. f.), Celosia argentea Linn., 
and some few grasses. 


The vegetation of the valley is predominantly of the thorn-scrub 
forest type with Dendrocalamus strictus Nees. predominating. With it 
are associated Capparis zeylanica Linn., Zizyphus mauritiana Lamk. 
var. fruticosa (Haines) Srivastava, Zizyphus enoplia Mill., Gymnosporia 
spinosa (Forsk.) Fiori, and Sterblus asper Lour. These shrubs grow 
in clumps separated from each other by coarse grasses, Helicteres isora 
Linn., species of Sida in the irregular path ways. 


Just a small bit of the land is kept under cultivation by the hill- 
tribes. 


2. The rivers and the canals.—In the Patna canal and its branches, 
the water is mostly always turbid, as a consequence thereof very few 
plants can grow; the same is the case with the rivers during the rains, 
though lots of rooted and floating aquatic plants are collected from 
tanks and ditches by the flood-waters and carried along. During winter 
and in early summer there is very little water in most of the rivers, but 
in Ganga, there is plenty of clear water and in it some plants are seen 
particularly where it is shallow and has less flow. Here grow Potamo- 
geton pectinatus Linn., Vallisnaria spiralis Linn., Chara sp., Nitella sp., 
etc. Sometimes masses of the first two are uprooted and carried to 
sheltered spots where the growth continues. Such spots also harbour 
masses of Spirogyra spp. The wooden piles along the banks, and the 
masonry of the bathing ghats show a thick growth of attached alge 
in early summers. In the Sone, Phalgu and the Punpun rivers there is 
some vegetation only in the few pools of water seen here and there. 


3. The banks of the river Ganga—tThe left bank of the Ganga 
near Patna is much higher than the right and for a considerable distance 
along the town it is lined with bricks, with many pukka ghats in between. 
During the floods, these banks are submerged, but they get exposed 
by the first week of October, when the water starts receding. They 
remain damp for months afterwards. Soon after the water has receded, 
Ranunculus sceleratus Linn., Verbascum coromandelianum (Vahl.) Ktz., 
Rumex maritimus Linn., Rumex dentatus Linn., Salvia plebeia R. Br., 
Nepeta hindostana (Roth) Haines, Polygonum stagnium Buch-Ham., 
Polygonum hydropiper Linn., Polygonum barbatum Linn., Polygonum 
glabrum Willd., Lippia geminata H.B.& K., various sedges, Cyperus 
michelianus (Linn.) Link, subsp. pygmeus (Rottb.) Aeschers and 
Griseb, Alternanthera echinata Sm., and other amphibious and wet- 
meadow plants begin growing from between the bricks. By early 
summer, these plants are dead and replaced by dry-meadow plants 
like Scoparia dulcis Linn., Verbena officinalis Linn., Nicotiana plum- 
baginifolia Viv., and Argemone mexicana Linn, 


On the sand-covered high banks as near Ranighat, grow Sagittaria 
sagittifolia Linn., Sagittaria guayanensis H.B. & K., Ranunculus scele- 
ratus Linn., Polygonum glabrum Willd., Polygonum barbatum Linn., 
and many other plants as are found on the brick-lined banks. 
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4. The islands in the river Ganga and its annually inundated low 
banks.—Soon after the water has receded and if it has not spread any 
sand over the land, there grow up nearer water Ranunculus sceleratus 
Linn., Alternanthera sessilis R. Br., Scirpus maritimus Linn., var. affinis 
Clarke, other sedges, Casulia axillaris Roxb., Rumex maritimus Linn., 
and Rumex dentatus Linn. Lands away from the edge of water grow 
various blue-green alge and liverworts, followed by wet-meadow plants 
like Juncellus michelianus (Linn.) Link subsp. pygmaeus (Rottb.), Aeschers 
and Grebn, Heleochloa schenoides Host, Gnaphalium pulvinatum Del., 
Grangea maderaspatana (Linn.) Poir, Alternanthera echinata Sm. and 
others. Later on appear Mollugo lotoides (Linn.) O. Ktz., Lindernia 
crustacea (Linn.) Mueller, Lindernia sessiliflora (Benth.) Wettst, Lindernia 
verbenefolia (Colsm.) Pennell, Lindernia parviflora (Roxb.) Haines, 
Gnaphalium luteo-album Linn., Gnaphalium indicum Linn., Gnaphalium 
purpureum Linn., Blumea amplectans DC., Blumea wightiana DC., 
Phyla nodiflora (Linn.) Green, Xanthium strumarium Linn., and Eragrostis 
gangetica Steud., Alhagi camelorum Fisch., Equisetum debile Roxb., 
Balanites egyptiaca (Linn.) Del., and Tamarix spp. are seen even farther 
away from water. A stray plant of Salix tetrasperma Roxb. may be 
seen near an inland pool of water. 


Those lands that were under water for a very short while, show 
dry-meadow plants like Polypogon monspeliensis Desf., and Saccharum 
spontaneum Linn. The lands that are higher still and never get 
inundated show Croton bonplondianum Baill., Calotropis procera R. Br., 
Scoparia dulcis Linn., Solanum xanthocarpum Schrad & Wendl., Euphor- 
bia hirta Linn., Launea asplenifolia DC., Launea nudicaulis Les., and 
many annual grasses. Ficus spp. are occasional on steep banks and 
mounds. 


But most of these lands are kept under cultivation. The lands 
above the highwater mark are sown with biennial castor and pigeon- 
pea; those below it, as near Fatwa, grow, before the onset of the floods, 
a crop of maize and various vegetables. These lands, and the still 
lower ones, grow in winter, a crop of wheat and barley. Wherever 
irrigation by tube-wells is available, vegetable crops are grown. The 
weeds in the cultivated fields are those found in the wet-meadows and 
the dry-meadows such as Gnaphalium indicum Linn., Centaurium rox- 
burghii (Don) Druce, Canscora diffusa R. Br., Ammania baccifera Linn., 
Biophytum sensitivum (Linn.) DC., Mollugo pentaphylla Linn., species 
of Blumea, Leucas lavendulefolia Rees, Eragrostis spp., Cynodon dactylon 
(Linn.) Pers., Alysicarpus bupleurifolius (Linn.) DC. and many others. 


_5. The “Serpentine” and the “‘Jalla”.—The shallower portions 
which hold water for a very short while, are sown with paddy. The 
deeper portions are either cleared of their natural vegetation and sown 
with water-chestnut, or allowed to have the natural cover, when they 
show, towards the middle where the water is deep, Nymphea esculenta 
Roxb., Nymphea pubescens Willd., Limnanthemum cristatum (Roxb.) 
Griseb emend Thwait., Aponogeton natans (Linn.) Engler, Aponogeton 
crispum Thunb., Potamogeton crispus Linn., Hydrilla verticillata (Linn. f.) 


was 
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Presl., Najas graminea Del., Utricularia flexuosa Vahl., Utricularia 
stellaris Linn. f., Ceratophyllum demersum Linn., and others. Towards 
the shallow banks grow Neptunia oleracea Lout., Jussiea repens Linn., 
Eichhornia crassipes Solms., Pistia stratioides Linn., Lemna spp., Wolffia 
arrhiza Linn., and Azolla pinnata R.Br. Plants like Ipomea aquatica 
Forsk., Pseudoraphis brunoniana Griff., Leersia hexandra Swartz, 
Paspalum scrobiculatum Linn., Paspalum vaginatum Swartz, Paspalidium 
geminatum (Forst.) Stapf, Paspalidium conjugatum Stapf, Marselia 
minuta Linn., and others grow on the muddy banks but their branches 
float on water. Besides the above, Sesbania paludosa Prain, Aeschy- 
nomene indica Linn., Melochia corchorifolia Linn., Pentapetes phenicea 
Linn., Polygonum stagnium Buch-Ham., Polygonum limbatum Meissn., 
Polygonum glabrum Willd., Asteracantha longifolia (Linn.) Nees., Lippia 
geminata H.B. & K., Jussiea linifolia Vahl., Jussiea suffruticosa Linn., 
Jussiea perennis (Linn.) Brenan, Phragmites maxima Chiovenda, Arundo 
donax Linn., and Sclerostachya fusca (Roxb.) A. Camus (at places 
planted) grow on the muddy banks. Ipomea obscura (Linn.) Ker- 
Gawl, Merrimia emarginata (Burm. f.) Hallier, sometimes also Operculina 
turpethum (Linn.) Silva Manso climb up on these. Some shallow ditches 
have only Scirpus articulatus Linn. in the middle and Alternanthera 
sessilis R. Br. on the margins, whereas others show nothing else but 
Ottelia alismoides (Linn.) Pers. 


In drains and other places with excessive organic matter, Eichhornia 
crassipes Solms. grow so thick as to choke out all other plants. 


Due to the excessive cultivation of vegetable crops with high water 
requirements such as potato, carrot, radish, turnip, etc., the Jalla water 
is led away for irrigation and certain portions which would otherwise 
remain filled with water, get dried up. With the pressure of the increas- 
ing population and the consequent expansion of cultivation, the dump- 
ing of garbage in the ditches, and the making of a central underground 
sewerage in the Patna-Bankipur town, a time will soon come when the 
Jalla will become dry. 


6. The ditches dug along the roads and the railways——Such ditches 
as are seen along the Patna High Court Dinapur Road and along the 
railway between Phulwari and Dinapur railway stations, hold water 
only during the rains. The old ditches show, in the rainy season, sub- 
merged and emersed hydrophytes like Nymphea spp., [pomea aquatica 
Forsk., Potamogeton crispus Linn., Aponogeton crispum Thunb., Apono- 
geton natans (Linn.) Engler, and many other plants which spring up 
from dormant root-stocks and rhizomes as soon as there have been 
some rains. These ditches also show Limnophila conferta Benth., 
Limnophila indica (Linn.) Druce, Eriocaulon setaceum Linn., Eriocaulon 
sieboldianum Sieb. & Zucc., and Utricularia spp. On the sides they 
may show Hydrolea zeylanica (Linn.).Vahl., Jussiea suffruticosa Linn., 
Jussiaa linifolia Vahl., Polygonum barbatum Linn., and _ Polygonum 
limbatum Meissn. After the rainy season, when the water has dried up, 
the beds of these ditches show a rich rice field flora. The newly dug 
ditches show only Spirogyra spp. and other alge during the rains and 
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a poor rice field flora later on. Polycarpon indicum (Retz.) Merr., 
Ammania baccifera Linn., Ammania multiflora Roxb., Rotala leptalea 
Koehne, Rotala indica (Willd.) Koehne and many other plants are seen 
in the beds of the old ditches. Some grasses may appear later on if 
the bed of the ditch was not much disturbed by buffaloes and pigs 
when it was wet. Grasses like Eragrostis unioloides (Retz.) Nees., 
Eragrostis gangetica (Roxb.) Steud are seen in early summer on the 
sides of these ditches. Besides the above, may be seen, if the ditch 
was dug several years back, Vetiveria zizanioides (Linn.) Nash., Lippia 
geminata H.B. & K., Melochia corchorifolia Linn., and other perennials. 


7. The low-lying lands—The annually inundated low lands in 
Patna City, Patna Sadar, Bihar and Barh subdivisions are of two types: 
(1) Those from where the water recedes very early and where late paddy 
is sown. (2) Other lands from where water recedes much later. 
Potato is sown in these fields during the winter. Lands left fallow 
show, during the rains, a rich amphibious vegetation consisting of 
various sedges and grasses, Caesulia axillaris Roxb., Cyanotis axillaris 
Roem. & Schultz. and others. , 


If any such land is left uncultivated in winter also, it shows a pro- 
fuse growth of wet-meadow plants like Rotala indica (Willd.) Koehne, 
Ammania baccifera Linn., Hygrophila polysperma (Roxb.) T. Anders., 
and later on Stemodia viscosa Roxb., Mazus japonicus (Thunb.) O. Ktz., 
Bergia ammanioides Roxb., Phyllanthus simplex Retz., Eragrostis 
japonica (Thunb.) Trin., Eragrostis diarrhena (Schultz.) Steud. and 
Eragrostis pilosa (Linn.) Beauy. Still later it shows Mollugo pentaphylla 
Linn., Biophytum sensitivum (Linn.) DC., Euphorbia hirta Linn., Euphorbia 
parviflora Linn., Eragrostiella bifaria (Vahl.) Bor, Eclipta alba (Linn.) 
Hassk., Cynodon dactylon (Linn.) Pers., Blumea spp., Dichanthium 
annulatum (Forsk.) Stapf, Dichanthium caricosum (Linn.) A. Camus, 
Bothriochloa pertusa (Willd.) A. Camus, and other dry-meadow plants. 


Some of the lands with defective drainage, as between Bihar Town 
and Silao, are developing alkalinity. They are either devoid of vegeta- 
tion, or have the typical saline-soil plants like Chenopodium album 
Linn., Portulaca oleracea Linn., Portulaca quadrifida Linn., and others. 


8. The ruins of the houses, the dust-heaps, and the building-sites 
in the town—The ruins of houses show a luxuriant growth on the 
walls of Lindenbergia indica (Linn.) O.Ktz., Chloris virgata Sw.., 
Brachiaria reptans (Linn.) Gard. et Hubb., Peristrophe bicalyculata 
(Retz.) Nees, Cyanotis axillaris Roem. & Schultz, Commelina bengha- 
lensis Linn., Tridax procumbens Linn., Mollugo oppositifolia Linn., 
Berhaavia diffusa Linn., Trianthema monogyna Linn., Aristida adscen- 
scionis Linn., Pennisetum setosum Rich., and other xerophytic grasses. 
On older ruins, there are seen Ficus benghalensis Linn., Ficus glomerata 
Roxb., Ficus religiosa Linn., Trema orientalis (Linn.) Bl., and. occa- 
sionally Zizyphus mauritiana Lamk. 


The dust-heaps and the garbage dumps show a variety and luxuri- 
ance not seen elsewhere. Most of the common weeds of the district 
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are there, particularly Croton bonplondianum Baill., also most such 
plants whose seeds are used in the household, such as Gynandropsis 
gynandra (Linn.) Briq., Cleome viscosa Linn., Nigella sativa Linn., 
Feniculum yulgare Linn., sometimes Chenopodium ambrosioides Linn. 
Ultimately Argemone mexicana dominates. 


In Patna, the new building-sites are invariably low lands. They 
show the wet-meadow plants first; and as the depressions get filled up 
and the land hardens, the dry-meadow plants appear, e.g., Tragia involu- 
crata Linn., Cassia occidentalis Linn., Cassia tora Linn., Cassia sophera 
Linn., Croton bonplondianum Baill., Solanum xanthocarpum Schrad. 
& Wendl., and many grasses. 


9. The fallow lands, lands along the roads, railways and canals; 
also protected lands in the Railway-yards——These are dry-meadows, 
being covered with grasses like Heteropogon contortus (Linn.) P. Beauv., 
Iseilema laxum Hack., Bothriochloa intermedia (R. Br.) A. Camus, 
Saccharum spontaneum Linn. and Erianthus benghalensis (Retz.) 
Hubbard; mixed up with these grow, just after the rains, Sonchus spp., 
Launea nudicaulis Les., Cassia tora Linn., Cassia sophera Linn., Andro- 
graphis paniculata Nees. and Ruellia tuberosa Linn. Hyptis suaveolens 
(Linn.) Poit, and Anisomeles indica (Linn.) O. Ktz. are abundant in 
localities away from human habitation as along the Patna-Digha rail- 
way line. Lantana camara Linn. var. aculeata is fast encroaching upon 
all such lands. 


On lands which are protected from grazing, there grow perennial 
grasses like many listed above, also Rottbellia exaltata Linn. f., Cymbo- 
pogon jwarancusa (Jones) Schultz and Cymbopogon nardus (Linn.) 
Rendle, along with which grow Desmodium gangeticum DC., Crotalaria 
mysorensis Roth. and other tall, erect dicotyledonous herbs giving-a 
true grass land population. mss 


With protection continued for a longer period, a scrub-jungle 
appears consisting of species like Prosopis spicigera Linn., Capparis 
zeylanica Linn., Acacia arabica (Lamk.) Willd., Acacia canescens Graham, 
Zizyphus enoplia Mill., and Zizyphus mauritiana Lamk., sometimes 
also Zizyphus rugosa Lamk.. and Zizyphus xylopyra (Retz.) Willd., 
Aegle marmelos (Linn.) Correa, Limonia acidissima Linu., Salmalia 
malabarica (DC.) Schott & Endlich., Trewia polycarpa Benth., Climbers 
like Cardiospermum halicacabum Linn., Bryonia amplexicaule Lamk., 
Abrus precatorius Linn., Cayratia trifolia (Linn.) Gagnep, and Jpomea 
quamoclit Linn. grow up on these during the rains and early winter. 


10. The mango orchards and other fruit gardens.—These, parti- 
cularly the neglected ones like the Mahuar Bagicha, those in the Kankar- 
bagh-Kumhrar area and beyond the Patna City, show the most meso- 
phytic type of vegetation. In the beginning are seen Ageratum cony- 
zoides Linn., Desmodium gangeticum DC., Triumfetta pentandra A. 
Rich., Urena lobata Linn., Achyranthes aspera Linn., various com- 
melinas, sedges and grasses, particularly Oplismenus burmanni (Retz.) 
Beauv. Later on appear Pithecellobium dulce (Roxb.). Benth., 
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Dalbergia sissoo Roxb., Lannea coromandeliana (Houst.) Merrill., Maes 
tinctoria Roxb., Trewia polycarpa Benth., Ehretia levis Roxb., Cordia 
dichotoma Forst. f., and a stray borassus- or date-palm. Climbers are 
those of the last zone as also Dioscorea bulbifera Linn, and Dioscorea 
spp.. Cryptolepis buchanani_ Roem. & Schultz, Ichnocarpus | apace, 
R. Br. and many others. Thus a pioneer monsoon forest is formed. 


Due to the growing demand for fruits, the mango orchards and 
other gardens are being taken care of, and most of the plants men- 
tioned above are missing in many orchards, as in the Digha area. 


11. The lawns and the parks.—The lawns like the Gandhi Maidan 
which are not protected against grazing and are also much frequented 
by man, are in a slightly different condition from those in the Science 
College, where grazing is not allowed but where cutting by man is 
permitted. In the latter case, the succulent grasses are almost com- 
pletely scraped out and the ground left bare for colonization by the 
coarser types of grasses. In the unprotected lawns, the grasses are 
kept closely grazed and here only such species grow as can stand the 
heavy trampling under the feet, e.g., Cynodon dactylon (Linn.) Pers., 
Dactyloctenium egyptium (Linn.) Beauy., and Eleusine indica (Linn.) 
Gaertn., or coarse grasses like Chrysopogon aciculatus (Retz.) Trin., 
which are not browsed upon. Along with these grow various pro- 
strate species of dicots like Alysicarpus monilifer DC., Indigofera lini- 
folia Retz., Indigofera enneaphylla Linn., Desmodium triflorum (Linn.) 
DC., Hybanthus enneaspermus Muell., Polygala spp., Convolvulus pluri- 
caulis Choisy, Convolvulus microphyllus Sieb., Evolvulus nummularius 
Linn., and Berhaavia diffusa Linn., rarely Polygonum plebeium R. Br. 
Here and there, especially in sheltered spots, as under the benches and 
near the railings, grow Vernonia cinerea (Linn.) Les., Achyranthes aspera 
Linn., Amaranthus spinosus Linn., Amaranthus viridis Linn., and other 
erect plants. During and after the rains, are also seen many sedges 
such as Cyperus rotundus Linn., Bulbostylis barbata Kunth., Bulbostylis 
capillaris Kunth., Fimbristylis junciformis (Retz.) Kunth., Fimbristylis 
diphylla (Retz.) Vahl. and others. Thus wet-meadow and dry-meadow 
plants succeed each other. In the Science College lawns the more 
xerophytic grasses, e.g., Paspalidium flavidum (Retz.) A. Camus, Sporo- 
bolus diander (Retz.) Beauy., Dichanthium annulatum (Forst.) Stapf., 
Bothriochloa pertusa (Willd.) A. Camus, and Jmperata cylindrica (Linn.) 
Beauy. and others are gradually replacing the doob grass. 


The parks are less open and as such are damper. They are also 
protected against grazing, therefore the grasses have a very luxuriant 
growth and are represented by a large number of moisture-loving species ; 
the xerophilous species are not to be seen. On the trees grow up 
various climbers particularly Cocculus hirsutus (Linn.) Diels, and 
Pergularia demia (Forsk.) Blatt. & McCann. The neglected Govern- 
ment quarters and the cemeteries also bear a similar flora. 


12,. The cultivated lands.—About 95 per cent. of the land in 
the district is under cultivation. In the rainy season, the low lands 
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grow paddy and the higher lands grow maize, millets and pigeon-pea. 
All fields grow in winter a crop of wheat, barley, gram, pea, various 
pulses and oilseeds. In the lands near the towns, potato, carrot and 
other vegetable crops are sown. In sandy areas many cucurbits, 
chillies, tobacco and turmeric are grown. During the winter the 
following weeds are seen in the cultivated fields: Sonchus arvensis Linn., 
Sonchus asper (Linn.) Hill, Chenopodium album Linn., Amaranthus 
viridis Linn., Portulacca oleracea Linn., rarely Asphodelus tenuifolius 
Cavan. 


Stray trees of mango, babul, fan- or date-palm can be seen here 
and there. Nearer villages there are present mango-orchards and 
bamboo-clumps. Date-palm and fan-palm form a prominent part 
of the landscape near the towns where are also seen neem, sahijan, 
pipal and bargad. 


The elevated plains in the south-west of the district have not only 
a poor soil but also have no irrigation facilities. Paddy is sown on 
them during the rains and just some pulses and barley during the winter. 
In years of drought, both the crops are lost. 


SUMMARY 


Duthie (1908) had included areas up to the west of the Sone River 
in his ‘“‘Upper Gangetic Plains’’ region. The present paper shows that 
the progressive desiccation brought about due to the interaction of 
various factors, mainly the biotic one, has made the Patna District, 
which lies further east, to acquire the same type of succession and 
vegetation as are typical of the eastern districts of the upper gangetic 
plains, e.g., Allahabad (Dudgeon, 1919-20) and Banaras (Misra, 1946). 
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A PRELIMINARY ACCOUNT OF THE SOIL 
DIATOM FLORA OF KOLHAPUR 


By H. P. GANDHI 
Rajaram College, Kolhapur 
(Received for publication on March 31, 1956) 


INTRODUCTION 


VerY little is known of the Soil Diatom Flora of India and especially 
of Kolhapur, hence the author endeavours to present an account of 
the same. 


The material for the study was collected from different parts of 
the city during the rainy seasons of 1952-55. It occurred in the form of 
brownish scum on the wet surface of the soil. On examination, the 
material showed a preponderance of species of Hantzschia or Nitzschia, 
associated with other forms included in this paper, which occurred 
in lesser numbers or as stray specimens. 


The classification of forms is done according to Hustedt’s (1930) 
monograph and the identification with the additional help of Cleve- 
Euler’s (1951-55) monograph. The measurements given for each 
form are those actually recorded. 


In all, thirteen forms have been described in this paper of which 
eight are new records for India. 


BACILLARIOPHYTA (DIATOME) 


A. Order CENTRALES 

I. Suborder DISCINE/ 

1. Family COSCINODISCACEX 

(a) Sub-family COSCINODISCOIDEE 
Genus Cyclotella Kiitzing 1834 


1. Cyclotella meneghiniana Kiitz. vy. genuina A. Cl. f. binotata Grun. 
Cleve-Euler, A., Diat. von Schwed. u. Finn—l, p. 48, fig. 63 ¢; 
Gandhi, H. P., Freshwater Diat. S.-W. India, p. 196, fig. 1. 


__ Frustules rectangular in girdle view with undulated sides. Valves 
discoid, 10-15, in diameter. Central field large, finely punctate in 


radial rows with two conspicuous dots on one side. Striz coarse 
9-10 in 10,. 


Distribution. —India— Dharwar (Gandhi, 1956); Kolhapur— 
Saniwar-peth, Rajaram College (Science side) compound and Laxmipuri. 


_ This form is a distinctive one on account of two conspicuous dots 
being present in the central field. Such dots have also been recorded 
by Van Heurck in some of his specimens, which he retained under 
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the species C. meneghiniana Kiitz. (Van Heurck, Treat. Diat., p. 447, 
pl. 22, fig. 656). However, the present author considers it fit to sepa- 


rate such bistigmate specimens from the type and thus agrees with 
Cleve-Euler’s view. 


B. Order PENNALES 
I. Suborder BIRAPHIDINE/ 
1. Family NAVICULACER 
(a) Sub-family NAVICULOIDEE 
Genus Neidium Pfitzer 1871 
2. Neidium affine (Ehr.) Cl. v. longiceps (Greg.) Cl. 
(Fig. 1) 
Hustedt, Bacil., p. 244, fig. 378; Cleve-Euler, A., Diat. von Schwed. 


u. Finn.—IV, p. 112, fig. 1163 a-d [= N. longiceps (Greg.) A: Cl. v. 
typicum A. Cl. inclusive of f. minuta A. Cl.]. 


Valves small, linear or feebly concave in the middle with constricted 
broadly produced rounded ends, length 18-25, and breadth 4-5-5 yu. 
Raphe thin and straight with central pores bent in opposite directions. 
Axial area very narrow; central area small. Strie finely punctate, 
24-26 in 10, slightly radial in the middle and somewhat perpendicular 
to the middle line at the ends, crossed by a faint longitudinal furrow 
near the margins. 


Distribution —India—Kolhapur—Sahu Road side, Science side 
compound and garden. 


Genus Anomeneis Pfitzer 1871 


3. Anomeneis styriaca (Grun.) Hust. 
(Fig. 2) 
Hustedt, Bacil., p. 265, fig. 432. 


Valves rhombic-lanceolate with broadly rounded ends, length 
15-30 and breadth 6-7-7. Raphe thin and straight with central 
pores wide apart. Axial area very narrow; central area constricted 
in the middle, small. Strie about 26-29 in 10, punctate, radial and 
crossed by many longitudinal, wavy hyaline bands. 


Distribution —\India—K olhapur—widely distributed. 


Cleve-Euler has described this form as A. decipiens A. Cl. v. typica 
A. Cl. (Cleve-Euler, A., Diat. von Schwed. u. Finn.—lll, p. 200, fig. 
923 a-b), but the illustrations do not agree with either Hustedt’s or 
the present form. On the other hand, Cleve-Euler’s illustration “923 e”’, 
which agrees well in the outline, etc., with Hustedt’s and present one, 
is being called as A. decipiens v. hybrida n. v., in the index to figures 
(p. 254) of which no description or name is available in the text. 


Genus Navicula Bory. 1822 
~ Section Navicule orthostiche Cleve 
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Fics. 1-11. Fig. 1. Neidium affine (Ehr.) Cl. v. Jlongiceps (Gerg.) Cl. 
Fig. 2. Anomeneis styriaca (Grun.) Hust. Figs. 3-4. Navicula mutica Kiitz. 
Fig. 5. Navicula gothlandica Grun. Fig. 6. Hantzschia amphioxys (Ehr.) Grun,. 
v. pusilla Dippel. Fig. 7. Hantzschia amphioxys (Ehr.) Grun. v. densestriata (Font.) 
A. Cl. Fig. 8.  Hantzschia amphioxys (Ehr.) Grun. v. capitata O. Mil. 
Fig. 9 (a) Nitzschia thermalis Kitz. yv. minor Hilse. Fig. 9(6) Nitzschia 
thermalis y. minor in girdle view. Fig. 10.  Nitzschia - palea (Kiitz.) W. Sm. 
Fig. 11. Nitzschia palea in girdle view. 


4. Navicula cuspidata Kiitz. 


Donkin, A. S., Brit. Diat., p. 39, pl. VI, fig. 6; Van Heurck, Treat. 
Diat., p. 214, pl. 4, fig. 190; Hustedt, Bacil., p. 268, fig. 433; Tiffany 
- and Britton, Alg. Illinois, p. 254, pl. 68, fig. 789. 


Valves broadly lanceolate with somewhat produced ends, length 
50-77 « and breadth 18-22. Axial area narrow. Transverse striz 
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15-16 in 10, almost perpendicular to the middle line, longitudinal 
strie 20-22 in 10.. 


Distribution —India—Burma (West and West, 1907), Ceylon 
(West and West, 1902), Panjab (Majeed, 1935), Bombay and Salsette 
(Gonzalves and Gandhi, 1954), Kolhapur—widely distributed. 


5. Navicula mutica Kiitz. 
Section Navicule mesolcie Cleve 
(Figs. 3-4) 


* Van Heurck, Treat. Diat., p. 206, pl. 4, fig. 167; Hustedt, Bacil., 
p. 274, fig. 453.a; Tiffany and Britton, Alg. Illinois, p. 254, pl. 67, 
fig. 773; Cleve-Euler, A., Diat. von Schwed. u. Finn.—Ill, p. 193, 
fig. 907 a [= N. mutica Kiitz. v. cohnii (Hilse) Grun.]. 


Valves elliptic-lanceolate with constricted, produced, broadly 
rounded ends, length 12-16-64 and breadth 5-6-7. Raphe thin 
and straight with somewhat unilaterally bent central pores. Axial 
area narrow; central area very large somewhat widened towards the 
margins with an isolated punctum on one side. Strie 18-20 in 10, 
radial, clearly punctate and somewhat closer at the ends. 


Distribution—India—Burma (West and West, 1907), Biswas’s 
list no. 348; Kolhapur—widely distributed. 


6. Navicula cryptocephala Kiitz. 


Section Navicule lineolate Cleve 


Donkin, A. S., Brit. Diat., p. 37, pl. 5, fig. 14; Van Heurck, Treat. 
Wiat., pp. 180-81, pl. 3, fig. 122; .Hustedt, Bacil., p. 295, fig. 496; 
Cleve-Euler, A., Diat. von Schwed. u. Finn.—Ill, p. 154, fig. 813 a-e 
(= N. cryptocephala v. genuina A. Cl.). 


Valves lanceolate with constricted, produced, somewhat capitate 
ends, length 25-28, and breadth 5:5. Strie 16-17 in 10y, radial 
in the middle and convergent at the ends, indistinctly lineate. 


Distribution —India—Himalaya (Dickie, 1882), Burma (West and 
West, 1907), Calcutta (Skvortzow, 1935), Bombay and Salsette (Gon- 
zalves and Gandhi, 1954), Partabgarh (Gandhi, 1955), Bengal (Grunow, 
1865), Biswas’s list no. 310; Kolhapur—widely distributed. 


7. Navicula gotlandica Grun. 
(Fig. 5) 


Hustedt, Bacil., p. 296, fig. 499; Cleve-Euler, A., Diat. von Schwed. 
u Finn.—lll, p. 158, fig. 819 a—c (= N. gotlandica Grun. v. genuina A. Cl. 
and v. minor A. Cl.). 


Valves broadly lanceolate with narrowed, produced, acutely rounded 
ends, length 40-47-5 » and breadth 9-5-10. Raphe thin and straight. 
Axial area narrow, linear; central area small, rounded. Strie 14-16 
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in 10 in the middle and upto 18 in 10, at the ends, radial ia the middle 
and convergent at the ends, lineate. 


Distribution —India—Kolhapur—Rajaram College gardens and 
Science side compound. 


This form also agrees well with the type given by Cleve-Euler in 
all respects except that its dimensions are intermediate between N. got- 
landica Grun. v. genuina A. Cl. and its other variety minor A. Cl. Here, 
therefore, Cleve-Euler’s types have been regarded the same as Hustedt’s. 

(b) Sub-family GOMPHOCYMBELLOIDE 
Genus Amphora Ehrenberg 1840 
8. Amphora veneta Kitz. 


Hustedt, Bacil., p. 345, fig. 631; Cleve-Euler, A., Diat. von Schwed. 
u. Finn.—Ill, p. 96, fig. 682. 


Frustules broadly elliptical with truncate ends, 12-17, long and 
7-7-5 broad. Valves lunate with obtuse ventrally bent ends. Striz 
finely punctate, radial, wider apart in the middle, 20-25 in 10x. 


Distribution —India—Madras (Krishnamurthy, 1954), Kolhapur— 
Rankala-vesh, Saniwar-peth and Science side. 


2. Family NITZSCHIACE4 
(a) Sub-family NITZSCHIOIDEZ 
Genus Hantzschia Grunow 1880 
9. Hantzschia amphioxys (Ehr.) Grun. v. pusilla Dippel 
(Fig. 6) 
Cleve-Euler, A., Diat. von Schwed. u. Finn.—V, p. 48, fig. 1419 /. 


Valves somewhat arcuate, linear, strongly narrowed, constricted 
and produced towards the ends, length 40-52 » and breadth 6-5-8-2 pw. 
Keel excentric with small keel puncte, 7 in 10y. Strie punctate, 
15-17 in 10,. 


This form agrees well with the type given by Cleve-Euler, except 
that some slightly larger forms were also recorded. 
Distribution —India—K olhapur—Saniwar-peth, Sukrawar-peth, 
Tarabai park, Rankala-vesh and Laxmipuri. 
10. Hantzschia amphioxys (Ehr.) Grun. v. densestriata (Font.) A. Cl. 
(Fig. 7) 
Cleve-Euler, A., Diat. von Schwed. u. Finn.—V, p. 49, fig. 1419 n-p. 


Valves slightly arcuate, linear with narrowed, constricted some- 
what broadly rostrate, backwardly bent ends, length 25-37 long 
and 5-5-5 broad. Keel excentric, keel puncte small, 9-11 in 10 fiz 
Strie fine, 23-25 in 10p. wa TE Tee at 
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Distribution —India—K olhapur—Padma-Raje park, Rajaram Col- 
lege (Science side) garden and compound. 


11. Hantzschia amphioxys (Ehr.) Grun. y. capitata O. Miill. 
(Fig. 8) 
Cleve-Euler, A., Diat. von Schwed. u. Finn.—V, p. 49, fig. 1419 t. 


Valves linear, arcuate with strongly narrowed, constricted capitate 
rounded ends, length 30-50 and breadth 7-5-8. Keel excenttric, 
keel puncte small, 8-9 in 10. Strie 20-22 in 10». 


This form agrees well with the type given by Cleve-Euler, except 
that it is slightly a broader form. 


Distribution —India—Kolhapur—Rajaram College (Science side) 
compound and garden. 


Genus Nitzschia Hassall 1845 


Section Dubie Grunow 


12. Nitszchia thermalis Kiitz. v. minor Hilse 
(Fig. 9 a-b) 


Hustedt, Bacil., p. 403, fig. 772; Cleve-Euler, A., Diat. von Schwed. 
u. Finn.—V, p. 64, fig. 1445 g-h. 


_Frustules linear with truncate ends in girdle view. Valves linear 
with concave sides and wedge-shaped, constricted produced ends, 
length 30-33:5y and breadth 6-6u. Keel excentric, keel puncte 
very small, 12-14 in 10m. Striz very fine, almost indistinct, about 35 
in 10n. 


Distribution —India—Kolhapur—Rankala-vesh, Rajaram College 
(Science side) compound and garden, Kolhapur filter-house area and 
Laxmipuri. 

eo Section Lanceolate Grunow 


13. Nitzschia palea (Kiitz.) W. Sm. 
(Figs. 10-11) 


Van Heurck, Treat. Diat., p. 401, pl. 17, fig. 554; Hustedt, Bacil., 
p. 416, fig. 801; Cleve-Euler, A., Diat. von Schwed. u. Finn.—V, p. 90, 
fig. 1504 a-b (= N. palea v. genuina A. Cl. inclusive of f. minuta A. Cl.). 


Frustules narrowly linear with slightly narrowed turnctate ends in 
girdle view. Valves linear-sublanceolate with narrowed, constricted, 
feebly capitate ends, length 16-5—25 » and breadth 3-44. Keel excentric, 
keel puncte small 12-14 in 10. Strie fine and almost indistinct, 
about 35 in 10». 


This form agrees well with the type described by Hustedt and other, 
except that some smaller forms were also recorded. 


Distribution —India—widely distributed. 
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SUMMARY 


For the first time soil Diatomacee has been investigated from 
Kolhapur of which an illustrated account is presented in these pages. 


In all, thirteen forms have been recorded from this area of which 
eight are new records for India. 
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GROWTH OF COLLETOTRICHUM CAPSICI 
IN PURE CULTURE 


By V. DURAIRAI 
University Botany Laboratory, Madras-5 
(Received for publication on September 1, 1956) 


Colletotrichum capsici (Syd.) Butl. & Bisby, the causal organism of 
“fruit rot”’ and *“‘die-back”’ of chillies has a wide distribution through- 
out the tropics and is very common in Southern India. Although the 
fungus was first reported by Sydow (1913) on chillies from Coimbatore 
and has since then been reported and described from several parts of 
the world (Butler, 1918; Dastur, 1921; Bertus, 1927; Thompson, 
1928; Higgins, 1931; Marchionatto, 1935; Hansford, 1938; Ling 
and Lin, 1944; and Ramakrishnan, 1954), little is known about its 
physiology and growth in pure culture. Studies on the growth and 
sporulation of the fungus were, therefore, undertaken. 


EXPERIMENTAL 


Methods.—The fungus was isolated in October 1955 from diseased 
fruits of chillies collected from Tirunelveli District and a single spore 
isolate obtained from this culture was used in this study. Standard 
mycological methods (Rawlins, 1933) were used throughout. 


RESULTS 


Medium.—In preliminary work, the fungus was grown in four 
different media: Horne and Mitter’s, Czapek’s, Coon’s and Richard’s. 
It was found that the fungus sporulated best in Coon’s medium as 
determined by hemocytometer counts of the spores. Maximum mycelial 
growth of the fungus was in Richard’s medium which was, therefore, 
used in further studies. There was no growth in Czapek’s medium. 


Incubation Period.—The optimum incubation period for good 
growth of C.capsici was then investigated. Mycelial weight of the 
fungus grown in Richard’s medium was determined by harvesting the 
fungal mat every alternate day from the day of inoculation for a period 
of 30 days (Table I). The maximum dry weight of mat was obtained 
on the 11th day after inoculation. The mat weight was constant 
thereafter till the 31st day. It was also noticed that at the end of 11 
days’ incubation the pH of the medium rose to 7-0 from an initial 
4-5 and at the end of 31 days it was 8-0. 


Effect of pH.—The effect of pH on the growth of the fungus was 
determined by adjusting the pH of the medium at different levels, viz., 
pH 3, 4, 5, 6, 7 and 8 with solution of N/10 NaOH and N/10 HCl. 
Maximum mat weight was obtained at pH 7-0, which was taken as 
the optimum pH for the growth of the fungus (Table II). At the end 
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TABLE I 
Showing the rate of growth of C. capsici 


| Fi : realy 
No. of ays’ Final pH of | Average weight 


the medium of mycelium (mg.) 


0 WOW DOIIIRAMSTA 
DARHAAMHUIABDODROOH 
bo 
=) 


1 
3 
5 
y 
9 
1] 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 


of 11 days’ incubation the final pH of the various treatments was 
observed to be between 7 and 8 thus indicating a general tendency for 
the medium to become neutral or slightly alkaline following the growth 
of the fungus, irrespective of the original pH. 


TABLE II 


Showing the initial and final pH of the medium and the growth 
of C. capsici 


Initial pH_ | Final pH | Average weight 


of mycelium (mg.) 
3 6°5 279 
4 7°5 294 
5 75 288 
6 7-5 308 
7 7°6 359 
8 7°8 354 


Carbon sources.—The fungus grew well in Richard’s medium with 


sucrose as the carbon source. Its growth response to the following 
carbon sources was studied in detail:— 


Pentoses: Arabinose, Rhamnose. 
Hexoses: Glucose, Mannose, Levulose. 
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Disaccharides: Sucrose, Lactose, Maltose. 
Trisaccharides: Raffinose. 


Polysaccharides : Starch, Cellulose (Acetate), Inulin. 
Alcohols: Mannitol, Absolute alcohol. 


These were supplied at the 5% level (on weight basis) individually as 
sole sources of carbon in Richard’s medium. The results are given 
in Table III. The order of suitability for growth of the more important 
carbon sources was: Sucrose > Glucose > Starch. Sucrose gave the 
maximum dry weight. The mycelial mats were pure white in colour 
with all carbon sources except sucrose where it was dark grey. 


TABLE III 
Showing the growth of C. capsici with different carbon sources 
Source of carbon Average weight - 
of mycelium (mg.) 
Pentoses— Arabinose ie 23 
Rhamnose i sts 57 
Hexoses— Glucose 5S 316 
Mannose , 0 314 
Levulose . 329 
Disaccharides— Sucrose ws 370 
Lactose ee 81 
Maltose as 241 
Trisaccharides— Raffinose --| 267 
Polysaccharides— Starch Te 281 
Cellulose (acetate) - .. 0 
Inulin 56 270 
Ajcohols— Mannitol aa 29 
Absolute alcohol a 22 
Without any carbon source - 0 


Nitrogen sources.—The growth response of the fungus to the follow- 
ing nitrogen sources was investigated :— 


Nitrate nitrogen: Sodium nitrate, Potassium nitrate, Calcium 
nitrate. 


Nitrite nitrogen: Sodium nitrite. 
‘Inorganic ammoniacal nitrogen: Ammonium sulphate, Ammonium 


chloride, Ammonium nitrate, 
Ammonium phosphate. 


Organic ammoniacal nitrogen: Ammonium tartrate, Ammo- 
nium oxalate. 


Organic nitrogen: Urea, Asparagine. 
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TABLE IV 


Showing the growth of C. capsici with different nitrogen sources 


Average weight 


Source of nitrogen of mycelium (mg.) 


Nitrite — Sodium nitrite os | 69 
Nitrate— Sodium nitrate Be 166 
Potassium nitrate co 310 

Calcium nitrate oe 123 

Ammoniacal — Ammonium sulphate * 169 
(Inorganic) Ammonium chloride ve 201 
Ammonium nitrate =f 151 

Ammonium phosphate * 436 

Ammoniacal— Ammonium tartrate Ge 275 
(Organic) Ammonium oxalate “ 338 
Organic Nitrogen— Urea es 389 
Asparagine ee] 361 

Without any nitrogen source * 5 


These were supplied as sole sources of nitrogen in Richard’s medium, 
the nitrogen being supplied in each case at the rate of 1,400 mg. of 
N/1. As the majority of the compounds gave a low initial pH to the 
medium, all the treatments were adjusted to pH 7 before autoclaving. 
The results are given in Table IV. Nitrogen from nitrite was not suit- 
able for growth. Organic nitrogen sources, viz., urea and asparagine 
produced the maximum growth. Among the ammoniacal nitrogen 
sources, ammonium phosphate gave the maximum mycelial growth; 
but ammonium nitrate, ammonium chloride and ammonium sulphate 
were not suitable. An explanation for this is to be sought in future 
work which is in progress. 


DISCUSSION 


Some interesting points emerging from this preliminary stu 
of the physiology of Colletotrichum capsici may ba Seleits eee 
It has been shown that the fungus grows best at a pH of 7-0 and it 
has also been observed that irrespective of the initial pH of the medium 
the pH invariably drifts to the neutral point or to a point slightly on the 
alkaline side. The differences in the mat weight observed in media 
adjusted to pH 3, 4, 5, 6, 7 and 8 are not very considerable and this is 
obviously due to the ability of the fungus to bring the pH to the neutral 
point at which it grows best. Unfortunately little is known about the 
drift in pH in the case of media supplied with sodium nitrate, calcium 
nitrate, ammonium sulphate and ammonium nitrate as sole sources 
of nitrogen in which growth of the fungus was poor. The nitrogen 
requirements of this fungus are best met from ammonium phosphate 
urea, asparagine and ammonium oxalate and similarly, the most suitable 
carbon sources are hexoses and disaccharides, the alcohols and pentoses 


=a +. <= “we .—- =.” OF 


———-—-— = " 
‘ 


COLLETOTRICHUM CAPSICI 413 


being unsuitable. There is no doubt that Colletotrichum capsici is a 
very interesting organism for physiological investigation and a more 
detailed study, particularly, of. its growth response to different C/N 
ratios in the media and also the drift in pH of the media taking place 
with different nitrogen sources is important. This should ultimately 
be linked with the chemical composition of the host tissues prior to 
and following infection and the physiological changes accompanying 
the disease. Further work on these lines is in progress and will be 
reported elsewhere. 


SUMMARY 


An isolate of Colletotrichum capsici was studied in pure culture 
Richard’s medium was found to be the best for its growth. Maximum 
mycelial weight was recorded 11 days after inoculation. The growth 
of the fungus in the medium was accompanied by an increase in the 
pH of the medium. The optimum pH for growth of the fungus was 
7:0. Among the various carbon sources tried, sucrose was found to 
be the best, followed by the hexoses (glucose, mannose and levulose). 
Among nitrogen sources studied, ammonium phosphate produced the 
maximum mycelial growth followed by organic nitrogen sources (urea 
and asparagine), ammonium oxalate and potassium nitrate. 
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AMINO ACID CHANGES IN THE HEALTHY 
AND ‘FOOT-ROT’ INFECTED RICE 
(ORYZA SATIVA L.) 


By (Miss) R. ANDAL AND N. S. SuBBA RAO 
University Botany Laboratory, Madras-5 
(Received for publication on September 12, 1956) 


Mucu emphasis has been laid in recent years on a study of amino acid 
distribution in plants, particularly during pathogenicity and in this 
laboratory root exudates have also been screened for amino acids 
(Andal etal., 1956). However, rice plants suffering from ‘Foot-rot’ 
disease caused by Fusarium moniliforme, despit2 its practical importance, 
have not been examined for amino acid distribution in the healthy 
and diseased states. The present investigation presents our recent 
findings in this field. 


MATERIALS AND METHODS 


Rice plants (resistant var. GEB. 24 and susceptible var. MTU. 9) 
were grown in sterilised, F. moniliforme infested and uninfested soils. 
Free amino acids of these plants were determined on the 6th and 12th 
days after germination. The 12-day old infected plants were sampled 
for analysis in 2 categories, viz., (a) those showing typical ‘Bakane 
effect’ (elongation of aerial parts) and (b) those showing chlorosis of 
leaves (typical ‘foot-rot’ symptoms). The 12-day old resistant plants 
grown in infesced soil were analysed for comparison with the healthy 
ones of the same age grown in uninfested soil. 5g. root and shoot 
samples were washed with several changes of glass-distilled water and 
ground with 75% ethyl alcohol. The extract was centrifuged and the 
supernatant concentrated for analysis. The technique of ascending 
chromatography (Williams and Kirby, 1948) as modified in this labora- 
tory (Lakshminarayanan, 1955) was used. 


RESULTS 


Presence or absence of free amino acids in roots and shoots of 


healthy resistant and susceptible rice plants at different ages is indicated 
in Table I. 


Increase in age did not alter the free amino acid composition of 
roots and shoots of the resistant and susceptible varieties, except for 
the appearance of lysine in the 12-day old resistant shoots. Glutamic 
acid, tyrosine, methionine, tryptophane and lysine present in the roots 
of the resistant variety at both age levels were also present in the roots 
of susceptible plants. However, the roots of susceptible variety at 
both age levels had two more amino acids: alanine and aspartic acid. 
The amino acid content of shoots of resistant and susceptible varieties 
was similar except for the presence of proline in the latter. 
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TABLE I 


Free Amino Acids in the Healthy Resistant and Susceptible 
Rice Plants 
ret ee 


ROOT SHOOT 


Amino acids : 
6 days 12 days 6 days 12 days 
R S R S R S R S 


eee 


1 Aspartic acid on - + - | 3 = =F =F 
2 Alanine ° = ae = te ah ap. ae a 
3 Proline SE - - = = ae Ee = ae 
4 Lysine a aed + eects colitis Seen 3 
5 Glutamic acid Bc =e ot + SF PF + + + 
6 Tyrosine oe + + + at ah =f Efe fe 
7 Methionine oe ae “te phe oe ar + + + 
8 Tryptophane ° te xe SF = + - + + 

+: Amino acid present. R: Resistant var. 

—: Amino acid absent. S: Susceptible var. 

TABLE II 


Free Amino Acids in the 12-Day Old Infected and Resistant 
Rice Plants Grown in Infested Soil 


INFESTED 
BAKANA CHLOROTIC | RESISTANT 
Amino acids 
Root Shoot Root Shoot Root Shoot 
| 
1 Aspartic acid oe + - aid ue = a 
2 Alanine oe + + ee = a ne 
3 Proline on - - = = a = 
4 Lysine ap + + + are ee + 
5 Glutamic acid . + + alls Be xe a 
6 Tyrosine : ob + aye cle ett ae 
7 Methionine 5 oo ao = = “i Ae 
8 Tryptophane diz + rte qe + + + 
9 Phenyl alanine a = = = + — a 
10 Glycine Se - - ae at, = es 
11 Serine = - a6 ie oS 

12 Unidentified + - = — = = 


Amino acid present. 
—: Amino acid absent. 
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Table Il summarises the free amino acid composition in roots 
and shoots of 12-day old infected plants—(a) those showing Bakane 
effect’? and (b) those showing chlorosis. This table also shows the 


amino acid content of 12-day old resistant plants growing in infested 


soil. 


A comparison of free amino acid content of 12-day old infected 
plants with the healthy plants of the same age showed little change except 
for the appearance of an unidentified new ninhydrin positive substance, 
possessing low Rf values in roots, and the disappearance of proline in 
shoots of plants showing ‘Bakane’ symptoms. The roots of 12-day 
old infected plants showing chlorosis of leaves showed presence of 
serine and glycine while methionine (present in the 12-day old healthy 
susceptible roots) was absent. In the 12-day old infected shoots, showing 
typical chlorosis, serine, glycine and phenyl alanine, and the unidentified 
ninhydrin positive substance appeared instead of glutamic acid, proline 
and methionine present in the healthy susceptible shoots of the same 
age. The amino acid composition of resistant plants grown in infested 
and uninfested soil was similar. 


DISCUSSION 


From an analysis of the results, it is evident that there is a derange- 
ment in the amino acid content during different stages of pathogenicity. 
The appearance of serine, glycine, phenyl alanine and the unidentified 
ninhydrin positive substance during disease, reflects the possible break- 
down of proteins with the onset of infection. 


SUMMARY 


Free amino acid composition of healthy rice varieties, resistant 
and susceptible to F. moniliforme showed little change with age. The 
susceptible variety had over the resistant ones, alanine and aspartic 
acid in roots and proline in shoots. In the diseased condition, however, 
the susceptible variety, whilst showing the typical ‘Bakane’ effect, had 
no proline in the shoots, although this was present in the healthy state. 
Plants showing chlorosis of leaves (with little ‘Bakanz’ effect) had 
three more amino acids, viz., serine, glycine and phenyl alanine appearing 


instead of glutamic acid, proline and methionine present in the healthy | 


controls. 
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THE EMBRYO SAC AND ENDOSPERM OF 
BLYXA ORYZETORUM HOOK. f. 


By D. A. Govinpappa AND T. R. B. Nambu 
Department of Botany, Central College, Bangalore-1 
(Received for publication on July 3, 1956) 


SEVERAL interesting features in the method of pollination, distribution 
and floral morphology have been reported among the members of the 
Hydrocharitacee. 


Considerable work has been done on the embryology of this family. 
The earlier work has been summarized by Schnarf (1931). Kausik 
(1940, 1941), in his papers on Enalus acoroides has reviewed the previous 
work and described the development of gametophytes, endosperm 
and embryo of that species. Rangasamy (1941) recorded the deve- 
lopment of gametophytes, endosperm and embryo in Blyxa echino- 
sperma. A few errors and misconceptions regarding some plants of 
this family have been pointed out and corrected by Maheshwari (1943). 
The nature of persistent pollen tube met within a couple of members 
of the Hydrocharitacee has been recently discussed by Maheshwari 
and Johri (1950). The present investigation is based on the material 
collected near Londa, Karnatak and deals with the development of 
the female gametophyte and endosperm of Blyxa oryzetorum. 


OBSERVATIONS 


Ovary and ovules.——The inferior ovary is tricarpellary, syncarpous 
and unilocular. A large number of ovular primordia develop from 
the 3 parietal placente and give rise to anatropous, bitegmic and cras- 
sinucellate ovules. The inner integument becomes differentiated after 
the organization of archesporium in the ovular primordium. This is 
followed by the formation of the outer integument (Figs. 1-2). During 
early stages the outer integument remains short (Fig. 3) but soon deve- 
lops vigorously and overgrows the inner integument (Fig. 4). Both 
the integuments take part in the formation of the micropyle. At the 
mature embryo sac stage the inner integument consists of 2 layers of 
cells except at the micropyle and the outer integument is made up of 
4-5 layers of cells (Fig. 4). 


Megasporogenesis and female gametophyte.—A hypodermal arche- 
sporial cell is organised early in the ovular primordium. It undergoes 
a periclinal division giving rise to a primary parietal cell and a mega- 
spore mother cell (Fig. 5). The primary parietal cell undergoes an 
anticlinal division and results in two juxtaposed cells (Fig. 6). These 
undergo a periclinal division and produce four parietal cells in two 
tiers of two cells each. Meanwhile the cells of the nucellar epidermis 
at the micropylar end undergo periclinal divisions giving rise to 2-3 
layers of cells, (Figs. 7-10). ae 
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cell and young megaspore mother cell, 970. Fi j 
y >gas : : g. 6. Megaspore mother cell, 
x697. Fig. 7. Division of the dyad cells, X697. Fig. 8. Lees tetrad of mega- 


spores, X697. Fig. 9. Early division of the 1 i - 
shaped tetrad of megaspores, x 697. ES gi an eS 


The presence of parietal cells and the periclinal divisions of the 
nucellar epidermis at the micropylar end are commonly met within 
members of Hydrocharitacee. Rangasamy (1941) records that the 
primary parietal cell in Blyxa echinosperma does not undergo any 
further divisions and remains as a single cell even in later stages of seed 
development. In the present species, however, 4 parietal cells are 
formed. Formation of a parietal tissue is also recorded in Enalus 
acoroides (Kausik, 1940). Rangasamy’s drawings (cfs Figss? 15,012): 
however, appear to indicate the presence of more than 1 parietal cell 
some of which have been interpreted as megaspores. While his sketches 
(cf. Figs. 14, 17, 18) also suggest the possibility of periclinal divisions 
of the cells of the nucellar epidermis at the micropylar part no mention 
is made of these in the text. His “single persistent parietal cell” appears 
to be one of the cells derived from the nucellar epidermis by periclinal 
divisions. 


The megaspore mother cell which now becomes deep seated, en- 
larges and undergoes the reduction divisions. After the first meiotic 
division a transverse wall is laid down giving rise to the dyad. The 
cells of the dyad undergo a simultaneous transverse division and produce 
a linear tetrad of megaspores (Figs. 7, 8). Very frequently the division 
of the upper dyad cell is either oblique or vertical resulting in an oblique 
T or T-shaped tetrad of megaspores (Figs. 9, 10). Occasionally the 
lower dyad cell divides earlier than the upper one (Fig. 9). The three 
upper megaspores in the tetrad degenerate and the lowermost one 
functions in the development of the embryo sac. It enlarges further 
and its nucleus divides. The two daughter nuclei are pushed apart to 
the opposite poles by the appearance of a central vacuole (Fig. 11). After 
two more nuclear divisions at the two ends of 8-nucleate embryo sac 
of the Polygonum type is produced (Figs. 12-14) as in other members 
of Hydrocharitacee. The embryo sac broadens during its develop- 
ment leaving a short pouch at the chalazal end (Figs. 12-14). Such a 
pouch has been recorded in Elodea canadensis (Wylie, 1904), Hydrilla 
verticillata (Maheshwari, 1933), Enalus acoroides (Kausik, 1940) and 
Blyxa echinosperma (Rangasamy, 1941). 


The mature embryo sac remains within the nucellus (Fig. 14). 
The egg apparatus consists of two synergids and an egg. The antipodals 
are organised as small cells and are confined to the chalazal pouch. 
They usually persist for a long time during seed development (Figs. 16-19). 
The polar nuclei fuse together and the secondary nucleus becomes 
situated at the lower region above the antipodal cells. 


Fertilization —The pollen tube passes in between the cells of the 
nucellus and enters the embryosac. It destroys one of the synergids 
and liberates the two male nuclei, one of which fuses with the egg giving 
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Fics. 11-22. (B. Basal cell of the embryo; C.c. Chalazal chamber of endosperm ; 
En., Cellular endosperm; Emb., Embryo; N., Nucellus). Fig. 11. L.s. nucellus with 
a 2-nucleate embryo-sac, x 453. Fig. 12. 4-Nucleate embryo-sac, 647. Fig. 13. 8- 
Nucleate embryo sac, x453. Fig. 14. Mature embryo sac, x 453. Fig. 15. A stage in 
double fertilization, «453. Figs. 16-17. First division of primary endosperm nucleus, 
x 453. Fig. 18. 2-4 Nuclear division in the large micropylar chamber of endosperm, 
x453. Fig. 19. Embryo sac with 8-nucleate micropylar and uninucleate chalazai 
endosperm chambers. Note the persistent antipedal cells, x 323. Figs, 20-21. L.s. 
micropylar and chalazal parts respectively of an embryo sac. Note the cytoplasmic 
sheath around the embryo in the former and the persistent chalazal chamber in the 
latter, x194. Fig. 22. L.s. nucellus of an old seed, x94. 


rise to the zygote and the other unites with the secondary nucleus pro- 
ducing the primary endosperm nucleus (Fig. 15). The surviving syner- 
gid very often persists during the early stages of endosperm develop- 
ment (Figs. 17, 18). 


Endosperm.—The primary endosperm nucleus which lies near the 
antipodal cells divides earlier than the zygote (Fig. 16) as in B. echino- 
sperma. This division is followed by a delicate transverse wall as a 
result of which two endosperm chambers are formed (Fig. 17). The 
extremely small chalazal chamber lies just above the antipodal cells 
and might be mistaken for one of them. It remains uninucleate with 
dense cytoplasm and persists as such up to a very late stage in the deve- 
lopment of seed and finally becomes crushed by the developing embryo 
(Figs. 18, 19, 21, 22). A similar feature has been noticed in Vallisneria 
spiralis (Maheshwari, 1943). The nucleus in the large micropylar 
chamber moves upwards and divides. No cell wall is laid down after 
this division. The two daughter nuclei move apart and divide simul- 
taneously (Fig. 18). The four nuclei undergo further free nuclear divi- 
sions producing a considerable number of nuclei which remain embedded 
in the peripheral layer of cytoplasm (Figs. 19-21). A thin sheath of 
cytoplasm with a few nuclei is observed around the developing embryo 
(Fig. 20). At a late stage of seed development cell wall formation 
takes place in the endosperm. The amount of endosperm: produced 
is scanty and even this is consumed by the developing embryo. A similar 
condition has been observed in Vallisneria spiralis (Maheshwari, 1943). 
However, according to Rangasamy (1941) there is no cell wall formation 
in the endosperm of B. echinosperma. 


SUMMARY 


The tricarpellary inferior ovary bears a number of anatropous 
crassinucellate bitegmic ovules on the three parietal placentae. 


The hypodermal archesporial cell undergoes a periclinal division 
producing the primary parietal cell and the megaspore mother cell. 
The primary parietal cell produces a parietal tissue. The epidermal 
cells of the nucellus towards the micropyle undergo periclinal divisions 
and give rise to 2-3 layers of cells. The deep seated megaspore mother 
cell undergoes the usual reduction divisions. Linear, oblique and 
T-shaped tetrad of megaspores have been recorded. The chalazal 
megaspore develops into an 8-nucleate embryo sac of the Polygonum 
A chalazal pouch of the embryo sac has been observed. The 
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antipodals are organised as small cells and persist during the post- 
fertilization stages. The secondary nucleus lies at the lower region 


in the embryo sac. 
Double feitilization has been observed. 


The mode of endosperm development is Helobial. The extremely 
small chalazal endosperm chamber remains uninucleate and persists 
as such till a very late stage during seed development. Cell wall forma- 
tion takes place in the endosperm at a late stage. The small amount 
of endosperm formed is finally consumed by the developing embryo. 


We are highly thankful to Professors K. N. Narayan and S. B. 
Kausik for their guidance during this investigation. 
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SPORELING GERMINATION AND 
VEGETATIVE REPRODUCTION IN 
CHILOSCYPHUS HIMALAYENSIS KASH. 
AND COLOLEJEUNEA SP. 


By P. KACHROO 
Malaria Research Laboratory, Damodar Valley Corporation, Burdwan, India 
(Received for publication on April 25, 1956) 


(a) Chiloscyphus himalayensis Kashyap (Lophoziacee) is epiphytic 
and was collected on 31-9-1954 from Chandmari (Gauhati-—Assam). 
The thalli are branched and often all are displayed on the same side 
due to unilateral illumination. The leaves are about 0-5-0-75 mm. 
long and 0:25mm. broad; the plants measure up to 0:5 cm. long, 
light green, forming a thick felt and growing on adhering soil within 
the furrows and creaks of the branches of deciduous trees. 


The spores are about 6-8 in diameter, tetrahedral, exine more 
or less smooth and elaters about 160, long. The capsule has the 
structure usual for leafy Jungermanniales. The spore germinates 
while still within the capsule and later develops within the felt formed 
by the main thallus (the sporelings described here are those that were 
formed among the fruiting plants). 


The spore is already green and continues to elongate; a few walls 
are laid at right angles to the long axis forming a 3—4-celled structure 
(Fig. 1) in which later the terminal cell may undergo a vertical division 
(Fig. 2), or a few more walls perpendicular to the main axis are laid 
and later each cell undergoes a division parallel to the main axis form- 
ing a multicellular flat sporeling (Fig. 3) with usually 9 cells—the basal 
cell with or without a division. Probably at this stage the exine breaks, 
towards the side facing the illuminated side, due to further growth of 
the sporeling (Fig. 4). Meantime an apical cell with 2 cutting faces 
develops and this results in elongation of the sporeling (Fig. 4). Each 
segment thus cut off from the apical cell again divides by a wall more 
or less parallel to the long axis of the thallus and the secondary thallus 
becomes 4 cells broad (Fig. 7). After sometime the apical cell becomes 
transformed into an apical cell with 3 cutting faces and gives rise directly 
to a leafy shoot with no intermediate stages (Figs. 7, 8). The first 
formed leaves are small, ovate-acute and plane, these are followed by 
the leaves characteristic of the genus. 


Uncommonly additional walls are formed in some cells of the 
thallus so that it becomes more than 2 cells broad (Fig. 6). This 
recalls. a similar occurrence in Ceratolejeunea spinosa (G.) Steph. 
(Fulford, 1944). 
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Fics. 1-10. Chiloscyphus himalayensis, 


(1-8, x440; 9, x150; 10, 130) 


I 
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Vegetative propagation is by means of propagules in the deve- 
lopment of which the leaf cell gives rise directly to a propagulum with- 
out the interpolation of a protonemal structure. Such shoots usually 
develop from the dorsal surface and become very long, are thickly 
beset with 2 rows of 1 cell thick multicellular ‘finger-like’ projections 
(Fig. 10), each of which develops later into a leaf. The nature of the 
basal region of the propagules depends on the gregariousness of the 
branches of the plant. In thickly set aggregations it becomes cylindrical 
and very long (Fig. 9). 


(b) Cololejeunea sp. (Lejeuneacee) is also epiphytic and was 


collected from Shillong (Assam) during 1953. The spore germinates 


while within the capsule and develops into a 8-celled sporeling while the 
exine is still intact. The functional apical cell is formed rather early 
(Fig. 11) and in rare cases results in a thalloid structure (Fig. 12). 


Fics. 11-15. Cololejeunea spp. x 410. 


Usually, however, it becomes longer and may be more than 2 cells- 
broad towards the apex (Fig. 13). Later it delimits a characteristic 
apical cell and the first leaves are ovate-acuminate or broad (Figs. 14, 
15) showing some resemblance to Ceratolejeunea flagelliformis (Fulford, 
1944). 


T am grateful to Prof. Aaron J. Sharp for his encouragement. 
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SOME ABNORMAL POLLEN GRAINS OF 
PICEA SMITHIANA BOISS. 


By R. N. LAKHANPAL AND P. K. K. NAIR 
Birbal Sahni Institute of Paleobotany, Lucknow 
(Received for publication on January 18, 1956) 


INTRODUCTION 


ABNORMAL pollen grains with variation in the number of wings have 
been noticed in quite a few species of the winged-grained Abietinee 
as listed in Table I below. So far there is no record of the occurrence 
of abnormal pollen grains in the genus Picea in which like other winged- 


TABLE I 


Occurrence of abnormal pollen grains in Abietinee 


Species Age No. of wings Reference 
| 
Abies nobilis . Recent 1—2 | Wodehouse, 1935, p. 266 
Abies sp. | Pleistocene 1—4 ) Wodehouse, 1935 a, p. 4 
Cedrus deodara «» | Recent 1—2 Chatterjee, 1943 
Pinus excelsa = Recent 1—4 Puri, 1945 
P, silvestris tC Post-Glacial 1—-4 Florin, 1936, p. 638 
P. tuberculata ss Recent 2—4 Wodehouse, 1935, p. 258 
P. Banksiana | 
P. Strobus +» Pleistocene 2—4 | Wilson and Webster, 1944, 
or p- 183 

P. resinosa 
P. Khasya | 
P. erie +» | Recent 2—3 Chatterjee, 1943 
P. Merkusii J | 

| 
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grained Abietinee the normal grains are characterised by having a 
round body bearing two large bladdery wings, one on each side of the 
distal furrow. In May 1955 one of the authors (Nair) collected a 
few twigs of Picea Smithiana Boiss. (P. Morinda Link.) with male 
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cones from Gulmarg, Kashmir. The pollen slides of this material 
prepared in glycerine jelly stained with safranin show that in addition 
to the majority of normal 2-winged pollen grains there are also some 
abnormal grains with 1, 3, or 4 air-sacs. 


DESCRIPTION 


A large majority of the grains are 2-winged as seen in Fig. 1. 
They have a biconvex corpus, round or broadly triangular in polar 
view, measuring 68-94, in diameter. The bladders are of varying 
size. Bladders included, the total breadth of the grains varies from 
85-156», the average being about 136 p. 


Figure 2 shows a l|-winged grain. The corpus is large, 102-120» 
in diameter, with a single air-sac almost encircling it. The total breadth 
of such grains varies from 144-166 un. 


In Fig. 3 is shown a l-winged grain with an additional notch in 
the air-sac. By the deepening of this notch it is easy to conceive how 
a 2-winged grain may result from the l-winged condition. Similarly 
Fig. 4 shows 3 notches which can ultimately lead to the 3-winged condi- 
tion. In Fig. 3 the appearance of 2 more invaginations, 1 on each 
side of the grain, will result in a 4-winged grain. 


3-Winged and 4-winged grains are shown in Figs. 5 and 6 
respectively. 


In addition to the above types, there are a few abortive grains 
with 2 or 3 wings attached to a very much reduced body (Fig. 7). 


A total count of 5461 grains has shown that about 97% of them 
are normal (2-winged) and the rest are abnormal. Amongst the ab- 
normal grains more than half are l-winged, quite a few 3-winged and 
very few 4-winged. 


DISCUSSION 


Among modern seed plants saccate pollen grains are unknown 
except in some genera of the Abietinee and Podocarpinee. Sacci 
or saccoid excrescences are also found in the spores of some of the 
modern ferns and Lycopods. In fossil plants the earliest occurrence 
of sacci is met with in the spores of some Paleozoic Lycopodiales and 
Cycadofilicales (Wodehouse, 1935, p. 243) and the pollen grains of 
Cordaitales (Florin, 1936). The winged grains of Cordaitales are 
characterised by having a single air-sac surrounding the corpus. Simi- 
lar 1-winged pollen grains have also been reported from the Paleozoic 
conifers Lebachia and Ernestiodendron (Florin, 1951, p. 336). Seeing 
the antiquity of the plants in which winged spores were found it seems 
apparent that the occurrence of air-sacs is a primitive character. 


About the winged pollen grains Florin (1951, p. 337) has remarked 
that “The study of the earliest conifers of the Northern Hemisphere 
appears to have shown that pollen grains with a single balloon air-sac 
and a distal germinal furrow are relatively primitive in this class of 
gymnosperms and that—in the Pinacee and the Podocarpacee—pollen 
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grains with 2 or 3 smaller sacs, or with no air-sac at all, are more or 
less reduced structures’. He has suggested that the suppression of 
the different parts of a single air-sac may result in 2, 3 or more air- 
sacs. In support of this view some of our 1-winged grains with 2, 3 
or 4 invaginations may well illustrate the inte.mediate stages in the 
formation of 2-, 3- or 4-winged pollen grains. 


Mme. Van Campo-Duplan (1950) has traced the trends of evolu- 
tion of various characters of the pollen grains in the Abietinee. About 
air-sacs she (Joc. cit., p. 49) agrees with Florin that a single air-sac is 
primitive and that by reduction of the “system anemochorique”’ the 
unsaccate condition is finally reached. 


An important question arises out of observations like the present. 
What is the significance of abnormalities? One probable answer 
has been given by Prof. Sahni (1925, p. 207): “‘When the normal equi- 
librium in the life of an organism is upset by adverse conditions, adjust- 
ment is often effected by a ‘fall-back’ upon the surer basis of past 
experience.” This suggests that certain abnormalities are reminiscences 
of the past. It may be that adverse conditions took our plant back 
to the ancestral stage when the original single air-sac was trying to evolve 
into a number of bladdery wings and had not quite reached the modern 
2-winged condition. 
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EXPLANATION OF THE PLATE 
Picea Smithiana 


(All figures are x260) 


Fic. 1. A 2-winged pollen grain. 
; Fic. 2. A 1-winged pollen grain with one notch in the air-sac. 
_ Fic. 3. A pollen grain with two notches in the air-sac. 
Fic. 4. A pollen grain with three notches in the air-sac. 
Fic. 5. A 3-winged pollen grain. 
_ Fic. 6. A 4-winged pollen grain. 
_ Fic. 7. An abortive pollen grain with two air-sacs and very much reduced corpus. 


PLANT TYPES OF THE PONDS OF THE 
LOWER DAMODAR VALLEY 


By P. KACHROO 
Malaria Research Laboratory, Damodar Valley Corporation, Burdwan, India 


(Received for publication on July 25, 1956) 
INTRODUCTION 


Tue lower Damodar Valley comprising the districts Burdwan and 
Hooghly of West Bengal, has numerous ponds. Nearly all of these 
are artificial, and present opportunities for botanical investigation 
especially for studies on invasion of plants, the rate of plant succes- 
sion and the kinds of plant communities in new impoundments. In 
management of these water collections such problems as fish culture 
and control of mosquitoes have developed quite lately. This investiga- 
tion was initiated with the object of obtaining information in solving 
the latter problem. A detailed account of association of aquatic 
vegetation with anopheline breeding has been given by the author else- 
where [Neogy and Kachroo, 1956 (unpublished)] and this communica- 
tion is only restricted to the botanical aspects of the problem. 


Ponds for this investigation were selected from a few villages with 
as much diverse physical, chemical and biotic conditions as possible. 
150 ponds were visited but the main observations were confined to 
20 selected ponds within the District of Burdwan during 1954—55. 


Previous history of the water collections was not taken into con- 
sideration and in this study only habitat factors such as pH, temperature 
and water level were taken into account. Plants with flowers, fruits 
and with well marked vegetative characters were collected and are 
with the author. The total list of plants encountered is about 134 
(the varieties are considered under main species in this paper). The 
list of species is appended. 148 species of alge were collected 
(Kachroo, 1956) and their taxonomic distribution is given below 
(Table I). 


Table I shows that Chlorophycee, Bacillariophycee and Myxophycee 
comprise the bulk of the forms and that the majority of them belong 
to Chlorophycee. This is obvious as in Chlorophycee a large number 
of forms are non-motile, they either form microscopic thalli or aggre- 
gate in such amounts as to be very conspicuous and are either large 
or have some striking morphological characters. 


Terminology.—Forel (1892-1904) regarded all bodies of standing 
water, irrespective of size, as lakes. Welch (1952), however, draws 
a clear demarcation between a lake and a pond (loc. cit., pp. 15-16), 
the latter he describes as a “very small shallow body of standing. water 
in which relatively quiet water and extensive plant occupancy are common 
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TABLE I 


Taxonomic distribution of alge within the Lower Damodar Valley 
(District Burdwan) 


Groups | Orders | Families Genera | Species | Percentage 
Myxophycee ae 3 6 15 35 18-6 
Chlorophycee a 9 22 47 73 38-8 
Xanthophycee aC it 2 3 4 2-1 
Chrysophycee os l i 1 1 | 0-53 
Bacillariophycee x 2 5 14 20 | 10-6 
Cryptophycee “e 1 : 1 1 0-53 
Dinophycee ve 1 1 1 2 | 1-06 
Lugleininee she 0 2 4 4 2-1 


— 


characteristics”. On the basis of this definition most of the bodies 
of standing water, locally called: dighi (big pond), pukur (small pond) 
and doba (still smaller pond) could be classified as ponds, including 
also the permanent depressed fallow lands. The dighi and pukur 
are normally permanent bodies but sometimes the dobas (usually con- 
taining some water throughout the year) squeeze to the bottom and 
dry up completely during winter (cf., @stival ponds of Welch) or they 
conform to some extent with what Welch calls vernal autumnal ponds. 


DESCRIPTION OF PONDS 


As most of the aquatic flora, in the district of Burdwan and Hooghly, 
is similar, detailed work was confined to Burdwan District. For this 
purpose an extensive survey was undertaken in a few irrigated and 
unirrigated villages lying west and east of Burdwan town. The various 
villages were: Galsi, Boinchi (23 ponds); Nandipur, Krishnapur, 
Memari (33 ponds); Pursha, Kolkol (12 ponds); Chotkhand, Alipur 
(20 ponds) (Text-Fig. 1). Besides, intensive observations were also 
made at Salimpur (10 ponds), Baidyapur (15 ponds) and Burdwan 
suburbs (15 ponds). 


Nearly all these ponds are artificial and some of them very old. 
Mostly water is clear but there are some with turbid conditions, caused 
either by the soil formations or other causes. As this region does not 
experience much variance in climate much diversity was not to be 
expected in the aquatic flora. 


Wind action is not a factor affecting the vegetation nor is the macro- 
temperature since variations in water temperature are not so great 21- 
34-7° C, Although pH does not show any correlation with the growth 
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of vegetation, (it varies from 6-7-5) yet it is possible to some extent 
to group the various selected ponds on basis of their salinity (Table II). 


TABLE II 
Grouping of the selected ponds according to their pH 


| 


pH variation Pond numbers 
1 6-6-2 ML 14 
2 6-6°5 MENS, 6) 18 Gi 255 26 
3 6-6-9 ML 7, 8; GL 34 
4 6°3 GL 27, 45 
5 6+5-7-5 MUG oeG le 31, 3s 
6 6-8-7 (7:4) GL 44, 46 
7 7-1-7-5 GL 39 


Water level, however, controls the growth and gregariousness of 
aquatic flora. Most of the ponds experience a considerable rise during 
the months of September-November, and a notable recession during 
January-June (Table III). This shows a direct bearing on growth 
and activities of the plant species (Table IV), which thrive best during 
the September-—December period. 

PLANT TYPEs* 


The typical zonation of the ponds is nearly the same in all the 
ponds. The flood zone (when present) is occupied by terrestrial com- 
munities, most of the species being non-resistant to water; the post- 
monsoon pool-level zone is characterized by wetland communities, emer- 
gent, submerged, floating and rooted. aquatics and the recession zone 
(where it occurs) has wetland and terrestrial weeds, mostly resistant 
to water and flowering before the next monsoon; and the continuous 
water zone area is occupied by emergent, floating and submerged aquatics. 


With respect to water level it is observed that recession in post- 
monsoon pool-level is a major factor determining the plant popula- 
tions (of emergent belt, in particular). Thus, in a constant pool a 
narrow belt of wetland plants occurs in the environs of the post-monsoon 
pool-level and emergent floating leaf and submerged aquatics occur 
as a belt in the progressively deeper water. During recession [March- 
(June)-July] the various zones (from shore-line to middle of pond) 
are exposed to air, resulting in destruction of such plants, as well as 
emergent floating and submerged species. This base area is now avail- 
able for ecesis of terrestrial wetland weeds. 


* Hall and Hess (1945) and Penfound (1953) are followed in broad classification 
of plant types. 
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Flood and post-monsoon pool-leyel zone 


As most of the ponds have a raised shore-line the flood zone does 
not occupy much of the area, nevertheless, it is an area which remains, 
for most part of the year, under moist conditions. Most of the plants 
under this zone are non-resistant to flood level, e.g., Mikania scandens, 
Euphorbia hirta, Malvastrum  tricuspidatum, Andropogon aciculatus, 
Aerua lanata, Desmodium gangeticum and Croton sparsiflorus; these 
are often ‘caught up’ in the flood. The resistant species include: 
Merremia hederacea, M.emarginata, Vitis trifolia, Sida veronicifolia, 
Evolvulus nummularius, Eclipta alba, Alternanthera sessilis, Aeschynomene 
aspera, Cyperus haspan, Scirpus articulatus, Panicum spp. 


The post-monsoon pool-level zone, though smaller in vertical area 
(5-7 feet), is rich in both emergent and submerged species. The latter 
either have emergent flowering shoots: Cardanthera triflora, Ottelia 
alismoides, Oldenlandia corymbosa (flowering shoots on exposed shore), 
Aponogeton crispum, A.monostachyon, Sagittaria guayanensis, Limno- 
Phila heterophylla, L.racemosa and a few more species Butomopsis 
lanceolata; or while they remain submerged they. branch profusely 
and flower only when the water level recedes, the prominent species 
are: Merremia emarginata, Oldenlandia corymbosa, Evolvulus nummula- 
rius. Hydrilla, Vallisneria, Najas, Ceratophyllum and Chara are not 
uncommon in this shallow water zone. Most of the emergent grasses are: 
Andropogon aciculatus, A. squarrosus, Paspaladium punctatum, Panicum 
colonum, Pasplum scrobiculatum, Fimbristylis, Kyllinga monocephala, 
Setaria glauca, Cyperus haspan and spp. (most of these continue to grow 
in absence of water as well), or species like Monochoria vaginalis, 
M. hastifolia, Aeschynomene aspera, Neptunia oleracea and Polygonum 
(various species). 


Commelina salicifolia and Enhydra fluctuans predominate throughout 
autumn and winter in a few ponds, and as the former dries up along 
the shore-line it is replaced by Spheranthus indicus. 


Of the floating species common are: Azolla, Salvinia, Utricularia, 
Hygrorhiza. Eichhornia etc. (except Utricularia and Hygrorhiza the 
others are cornered here due to wind action from the continuous water 
zone). 

Recession zone | 

In many ponds such a zone is insignificant but, where it occurs 
it results in destruction of all prominent aquatic species so prominent 
in the previous zone. On this wetland fringe will appear wetland and 
terrestrial weeds like: Ammania  baccifera, Aneilema nudiflorum,+ 
Euphorbia hirta, _ Emilia  sonchifolia, Commelina _ benghalensis. 
Hygrophila spinosat (such species occur otherwise as well, without 
consideration to any zones), Justicia procumbens, Leersia hexandra. 


+Aneilema proper does not occur in most parts of India, it is the genus Murdannia 


yf Usually placed under Asteracantha longifolia (Personal communication from 
Dr. Santapau). : 
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Continuous water zone 


Floating leaf—Only a few aggregations were observed. The 
floating parts rise and fall with the water level. The common features 
of ponds with such a community is that the shore-liae is either without 
much vegetation or colonized by a belt of grasses with a number of 
minor associates like Salvinia, Sagittaria, Utricularia ot a pure associa- 
tion of grasses with Chara, Hydrilla. The central association is between 
Nelumbium and Pistia (either predominating); however, the more 
common association is that of Limnanthemum indicum, L. cristatum 
and a marginal belt of the same species—Jussie@a-Scirpus or a grass 
belt; or Limnanthemum-Nymphea association with marginal Hydrilla, 
Najas, Ceratophyllum, Utricularia, Pistia, Salvinia and Azolla (or with 
marginal Enhydra fluctuans floating-mat). Pure associations of 
Nymphea are not uncommon but even in these cases the marginal belt 
is characterized by emergent grasses, floating leaf and submerged species. 


Flexuous.—This aggregation is taken here to denote a maized 
emergent-floating—marginal-stray floating leaf and submerged vegeta- 
tion. In this case generally the centre of the pond is clear. The flexuous 
portions may rise and fall with the water level. The marginal belt is 
a mixture of leafy grasses, Limnophila, Polygonum (most common), 
Aeschynomene, Neptunia, Marsilea, etc. and some erect leafy shoots 
like Scirpus articulatus. 


Floating-mat.—These species are rooted in the shallow water near 
the shore-line and extend later on the water surface. The much branched 
stem forms a mat. The various associations are those of Hygrorhiza 
aristata, Jussiea repens, Ipomea aquatica, Enhydra fluctuans, but none 
of them are found as pure colonies in any pond, and they provide best 
shelter for the less prolific species. Thus, a mat of Jussi@a would pro- 
vide screen for Urricularia, Azolla, Salvinia, etc.; Hygrorhiza often 
with Hydrilla; Ipomea with Utricularia, Lemma and Azolla; and 
Enhydra with Marsilea, Jussiea and Pistia. It is not uncommon to 
observe some depressed lands having a beautiful mat of pure Utricularia 
during October-November, yielding place to Ipomea aquatica in Nov- 
ember-December. 


Carpet.—Pistia, Eichornia and Salvinia form complete carpets 
over ponds at some stage of the year; Pistia usually in November-— 
December, Eichornia in December-February and Salvinia in August- 
February. These associations are greatly detrimental to the develop- 
ment of submerged flora and usually exist without complementary 
marginal belt. When the latter does occur such species as grasses, 
Commelina and Marsilea predominate. 


Submerged.—There is hardly a pond without some or other trace 
of submerged vegetation but scarcely a pond with pure submerged 
flora. Thus, they always occur as complementary flora. However, 
in certain ponds a meagre percentage of Aponogeton and Alisma do 
form pure colonies without any emergent flora. The most predominant 
species of submerged type are: Hydrilla, Lagarosiphon, Vallisneria, 


SE 
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Ceratophyllum, Limnophila, Najas, Cardanthera, Myriophyllum, Apono- 
geton, Butomopsis, etc. 


Pleuston.—Mats are formed by minute plants such as Lemna, 
Azolla in a number of situations; particularly where water is foul, 
usually with organic impurities and effusing bad odour. Azolla usually 
forms reddish-brown or purplish cover over water surface. In most 
of the Lemna ponds occurs a scum usually formed by decaying dia- 
toms or blue green alge, making the already foul water more obnoxious. 


Microscopic.—Red scums are formed by degenerating diatoms 
or blue green alge with or without a complementary marginal flora 
of erect naked grasses. Green scums are formed by masses of Chlorella, 
Volvox, Microcystis, Merismopedia, etc. 


ASSOCIATION OF AQUATIC PLANTS WITH ALG 


Most of the plants harbour a number of epiphytic alge or have 
a close association with alge in common habitat. Thus, a 7X1 mm. 
piece cut from a floating stem of Panicum fluitans (2) collected during 
March 1955, from a depressed land at Burdwan, showed the presence 
of Cladophora sauterii fixed as radiating rays from a central focussing 
point on the ventral surface of the floating stem and as green balls 
attached to the dorsal surface of the same. On the ventral surface 
were also discernible Cladophora glomerata, Cosmarium granatum, 
Closterium monoliferum, Coleochete spp., Pinnularia viridis, Oscillatoria 
amphibia and a number of unidentified algal spp., spores and cysts. 
Association of a few more aquatic plants with alge is tabulated in 
Table V. 
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TABLE V 


Association of some aquatic plants with alge for a few months 
during 1955 


(a) Ipomea aquatica (from pond-laboratory, Burdwan) 


Monthly incidence* 


Algal species 


March April May June July | August 
Pediastrum tetras O O NC O O ? 
Celastrum sphericum  .. O On N NC R-T O 
Cladophora glomerata N G O O eR 
Desmidium swartzit R O O O 
Synedra ulna se aNKke NC R ? ? 
Chemosiphon sider philus O O O O T O 
Anabena spherica er O O O-T NC NC NC 
Oscillatoria amphibia oe O O T T oO iy 


May 
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(b) Limnanthemum indicum (pond—Chanda singh, Burdwan) 
March | April 
1 Pleurococcus spp. 23 | oO oO 
2 Microspora spp. oe oO O-T 
3 Cladophora glomerata .. R Cc 
4 Ocdogonium decipiens .. oO T. | 
5 Bulbochete spp. as oO O | 
: 6 Closteriun monoliferum ++ O Oo 
7 Ponium spp. os T: R 
7 8 Pinnulariaviridis ++| C NC 
. 9 Synedra ulna *e NC N 
a 10 Anabena spherica “| N NC 
¥ 11 Oscillatoria princeps — .«. NC 


1 
2 
3 
4 
5 
6 
ul 
8 
9 


=—_ —_— — 
(ee oe — J 


Phormidium spp. NC 


(c) Enhydra fluctuans (ML 18, Chotkhand) 


Aug. | Sept. 
: 


Spherella lacustris” 
Chlorococcum humicolum 
Scenedesmus quadricauda 
Coleochete spp. 
Oedogonium decipiens 
Spirogyra neglecta 
Closterium ralfsit 
‘Calikaviiun rent forme 
Staurastrum dejectum 
Micrasterias foliaceé 
Cylindrospermum spp. 
Anabaena linkia — 


Oct. 


ae — 
awe 


PLANT TYPES OF LOWER DAMODAR VALLEY 441 


(d) Commelina salicifolia-Alternanthera sessilis-Limnophila spp. 
(general, Chotkhand) 


| Aug. Sept. Oct. Nov. 
1 Chloroco:cum humi-|\ C NC R NC 
colum 
2 Ludorina elegans R R-NC} R O 
3 Celastrum sphericum | ? R ay R 
4 Cladophora glomerata| C-N NC R O 
5 Oedogonium oblong- ? C NC O 
ellum 
6 Phycopeltis epiphyton| R NC T=Or, 
7 Spirogyra neglecta ° N N Cc NC-C 
8 Zygnema spp. R R-T O oO 
9 Closterium monoli- NC & NC NC 
ferum 
10 C. ralfsia NC-C; C NC NC 
11 Cosmarium granatum | NC NC R-T 
12 Staurastrum spp. R | R-NC| NC 
13 Desmidium aptogeo- aoe Rite R-NC| NC 
num 
14 Luglena viridis re uN® NC R »R 
15 Cylindrospermum spp.) ? — NC R-O ? 
“16 Nosteclinkic ~~ | R~- | NC | RR |? 
17 Oscillatoria major TT, |, ReNC| R-T O 
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(e) Jussiaa repens (pond Mene, Chotkhand) 


| Sept. Oct. Nov. 

: eae fee 
1 Chlamydomonas braunii ..| C | NC 
2 Chlorococcum humicolum .. NC € NC 
3 Pediastrum tetras od NC"? S" NG NC-T 
4 Tetraspora spp. °° vc | NC ? 
5 Scenedesmus quadricauda .. NC NC R 
6 Cladophora ylomerata a NC Cc T 
7 Phycopeltis epiphyton “e NC Cc NC-T 
8 Ocdogonium decipiens c NC-R 
9 Spirogyra maxima oe C NC NC-R 
10 Closterium monoliferum .. NC | Cc NC-T 
ll Cosmarium granatum ad Cc Cc C 
12 Staurastrum dejectum «. Ges'serg NC 
13. Phacus pleuronectes os R R ? 
14 Euglena viridis o% NC. “R-O}°OR-T 
15 Merismopedia tenuissima .«. ? | NC G 
16 Oscillatoria splendida | NC | NC | R 


* Legend asin Table IV. 
SUMMARY 


Aquatic vegetation of the ponds and other water collections within 
lower Damodar Valley (Districts of Burdwan and Hooghly) has been 
studied. Water level controls the growth and gregariousness of the 
aquatic flora. Recession in the post-monsoon pool-level is a major 
factor in determining plant communities as borne out by a study of 
depth of water and monthly incidence of some aquatic plants in about 
20 ponds. Most of the ponds have a zonation into: flood, post- 
monsoon pool-level, recession and continuous water zones—the latter 
exhibiting various plant types: floating leaf, flexuous, floating mat, 
carpet, submerged, pleuston and microscopic. In each zone the pre- 
ponderance of species is enumerated. 


_ Special gratitude is due to Dr. B. P. Neogy, for his keen interest 
in this work, facilities provided and encouragement. I am indebted 
to Rev. Dr. H. Santapau for kindly going through and criticizing the 
manuscript; to Prof. I. Banerji, for a few identifications and library 
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facilities and to Mr. M. B. Raizada for a few identifications. Thanks 
are due to Messrs. V. Raghavan, P. K. Mukhopodhaya and K. Biswas 
for helping me in various matters. 
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APPENDIX 


The following is a complete list of plants collected by the author 
from the various ponds within the districts of Burdwan and Hooghly 
of West Bengal. The arrangement of the genera and species within 


then: is alphabetical (for convenience). 


A single star (*) after a name 


indicates that it also occurs in post-monsoon pool-level zone, a (ft) shows 
that it also occurs in the recession zone and a (tf), that it also occurs in 


the continuous water zone. 


Flood Zone 


Adiantum lunulatum Burm. 
*+Aeschynomene aspera L. 

Aerua lanata Juss. 
*+Alternanthera sessilis Br. 
+Amaranthus gangeticus L. 
+A. tenuifolius Willd. 
*+Andropogon aciculatus Retz. 
*+A, squarrosus L 

Bonnaya antipoda Druce 

B. brachyata Hook. 

Cassia tora L. 
+Causulia axillaris 

Centranthera humifusa Wall. 
*+Commelina salicifolia Roxb. 
+Croton sparsiflorus Morong. 

Cyathodium tuberosum Kashyap 
+Cyperus compressus L. 

Desmodium gangeticum DC. 

Dopatrium junceum Ham. 

D. nudicaule Ham. 

*Echinocloa colonum Link. 
tEclipta alba (L.) Hassk. 

Emilia sonchifolia DC. 
Eriocaulon sieboldianum Sieb. & Zucc. 

E. truncatum Ham. 

*t+Evolvulus nummularius L. 

*Fimbristylis dichotoma Vahl. 

*F. diphylla Vahl. 

F. monostachya Hassk. 
*+Hymenachne amplexicaulis Nees. 

Impatiens balsamina L. 

Kyllinga monocephala Rottb. 
Leersia hexandra Sw. 
*Limnophila conferta Benth. 
*Linderia cordifolia (Colsm.) Merr. 
L. angustifolia (Benth.) Wettst. 
*Lobelia trigona Roxb. 

Mazus rugosus Lour. 

Malvastrum tricuspidatum A. Gray 

Melochia corchorifolia L. 

Mikania scandens Willd. 
*“Merremia emarginata Hallier. 

M. hederacea (Burm. f.) Hall. f. 

Notothylas orbicularis (Sch.) Sull. 
*Polygonum flaccidum Meissn. 
**P. orientale L. 

*P. tomentosum Willd. 

Rumex maritimus L. 


*Riccia spp. 

Saccharum spp. 

Saccolepis indica A. Chase 

Solanum xanthocarpum  Schrad. & 

Wendl. 

Selaginella spp. 

Sida rhombifolia L. 

S. veronicefolia Lamk. 

+Smithia sensitiva Ait. 

Tridax procumbens L. 

Urena lobata L. 

Vitis trifolia L. 

Zizyphus enoplia Mill. 
Post-Monsoon Pool-Level Zone 


Aponogeton crispum Thunb. 

A. monostachyon L. 
tAzolla pinnata R. Br. 
{Butomopsis lanceolata Kunth. 

Cardanthera triflora Ham. 

Ceratopteris thallictroides (L.) 

Brongn. 

Cyperus haspan L. 

C. platyphyllus R. & S. 
tEichornia speciosa Kunth. 
tEnhydra fluctuas Lour. 
tHydrilla verticillata Casp. 
tHygrorhiza aristata Nees. 
tlpomea aquatica Forsk. 
jJussiwa repens L. 
Legarosiphon roxburghii Benth. 

mna minor L. 

Limnophila racemosa Benth. 
L. heterophylla Benth. - 
Lindera hysopioides 
Marsilea quadrifoliata L. 

Monochoria hastefolia Presl. 

M. vaginalis Presl. 
tMyriophyllum indicum Willd, 
tM. tuberculatum Roxb. 
tNaias foveolata A. Br. 

Neptunia oleracea Lour. 
tOldenlandia corymbosa L. 
tO. diffusa Roxb. 

Panicum colonum L., 

P. flavidum Retz. 

P. fluitans Retz. 
+P. paludosum Roxb. 
Paspaladium punctatum A. Camus. 
{Pogonatherum spp. 
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{Paspalum scrobiculatum L, Commelina benghalensis L. 
P. flavidum A. Camus. Justicia procumbens L. 
}Phragmites karka Trin. Oldenlandia heynei H.K.f. 
}Potomogeton crispus L. Hygrophila spinosa T. Anders. 
Saccolepis interrupta Stapf. Mikania scandens Willd. 
Sagittaria guayanensis H.B.K. Murdannia malabaricum (L.) 
tSalvinia cucullata Roxb. Santapau 

iS. natans Hoffm. M. vaginatum (L.) Buck. 
Scirpus articulatus L. Spheranthus indicus L. 

S. grossus ; 

Sesbania palludosa_ Prain. Continuous Water Zone 


Setaria glauca Benth. 


fad bispindsa Roxb Ceratophyllum demersum L. 


Limnanthemum cristatum Criseb. 


tUtricularia bifida L. L. indicum Thw. 
£U. flexuosa Vahl. Nelumbium speciosum Willd. 
1 : stltnts Wall. perenee enn Roxb. 

. Stellaris L. N. esculenta Roxb. 
{Vallisneria spiralis L. §N. lotus L. 


N. rubra Roxb. 
Ottelia alismoides Pers. 
Ammania baccifera L. Pistia stratiotes L. 


Recession Zone 


2 N. lotus L., the true lotus flower, does not occur in India; it isan Egyptian plart. 
I do not know which is the species of Nymphea meant by you (Santapau, persor al 
communication). Biswas and Calder (1937) is followed for identifying this plart. 


HYPHOMYCETES—II 


By C. V. SUBRAMANIAN 
University Botany Laboratory, Madras-5 
(Received for publication on September 1, 1956) 


19. Trichosporium aterrimum Massee 


Trichosporium aterrimum was described by Massee (1899, p. 167) 
as follows: ‘‘Hyphis sterilibus repentibus, pallidis, septatis, 34-4 HB 
crassis, vage ramosis, fertilibus subsimplicibus, hyalinis; _conidtis 
ellipsoideis, glabris, brunneo-olivaceis, acrogenic, 7-8x4p. Hab. in 
cortice Mori indice, Changa Manga, Punjab Indie or. (Gamble). 


T. aterrimum Massee is a later homonym of 7. aterrimum (Corda) 
Sacc. in Saccardo, 1884, p. 289 (= Colletosporium aterrimum Corda). 
Saccardo later, however, proposed a nom. nov. for Massee’s fungus, 
naming it T. masseei Sacc. (Saccardo. 1913, p. 1356). 


Vil 


20 fe 


Fic. 1. Pheoscopulariopsis aterrima from type specimen, Herb. M.U.B.L. 
1584: conidiophores and conidia. 


I have examined type material of the fungus, ex Herb. R.B.G., Kew 
(Herb. M.U.B.L. 1584). The colonies on the substratum are effuse, 
greenish black and pulverulent. The vegetative hyphe are subhyaline, 
thin-walled, septate, branched, and up to 3, wide. They produce 
phialides laterally and te:minally; the phialides are simple, long-subu- 
late, thin-walled, subhyaline, 1442 long, 1-4-3-0 wide at the base, 
and about 1:5 wide at the apex which appears to have a distinct 
collarette. The conidia are mostly ellipsoidal, smooth-walled., greenish 
black, one-celled, produced in simple unbranched basipetal chains at 
the apex of the phialides, up to 7 long and 2°8-3:5 wide. 


* Hyphomycetes—I, appeared in J. Indian bot. Soc., 1956, 35: 53-91, 
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_ It is obvious that the conidial chains escaped the notice of Massee. 
Since the fungus produces dark one-celled phialospores in basipetal 
chains, it 1s not a Trichosporium. 1 think that the fungus is best 
classified in Pheoscopulariopsis Ota which, according to Hughes (1953), 
is an earlier name for Masoniella Smith. I am, therefore, proposing 
the following combination :— 


Phoscopulariopsis aterrima (Massee) Subramanian comb. nov. 


= Trichosporium aterrimum Massee, 1899, Kew Bull,, 1899: 
167; Saccardo, 1902, Sylloge Fungorum, 16: 1052 
[non Trichosporium aterrimum (Corda) Sacc., 1884, 
Sylloge Fungorum, 4: 289]. 


=Trichosporium masseei Saccardo, 1913, Sylloge 
Fungorum, 22: 1356. 


Type specimen: on Morus indica, Changa Manga, Punjab, coll. 
F, Gleadon, January 1898 ex Herb. R.B.G., Kew (Herb. M.U.B.L. 
1584— slide). 


20. Cladosporium buteacolum Cooke 


Cladosporium buteacolum was described by Cooke (1876 3, p. 15) 
as follows: “Effusum, subolivaceum, tenue; floccis tenuibus, rectis, 
elongatis; sporis fusiformibus, demum uniseptatis. On legume of 
Butea frondosa, coll. Hobson (113) (Saccardo, 1884, p. 353, as C. 
“butecolum’). In a note after the diagnosis Cooke added: “‘ Externally 
very much like C. herbarum, but the long slender flocci are much more 
delicate, scarcely at all nodulose or constricted; spores fusiform, 
very variable in length, diameter not exceeding that of the flocci, from 
-01—--03 mm. long, and about -005mm. broad (Plate 74, Fig. 10).” 


I have examined the type specimen which is labelled: Cladospo- 
rium buteacolum Cke., on Butea frondosa pod, E. Indies, 1876, coll. 
Hobson, Herb. M. C. Cooke, ex Herb. R.B.G., Kew. I find that this 
is hardly distinct from Cladosporium herbarum of which it may be con- 
sidered a synonym. 


21. Cladosporium delicatulum Cooke 


Cladosporium delicatulum was described by Cooke (18764, p. 17) 
as follows: ‘“‘Epiphyllum, maculeforme. Floccis tenuibus, flexuosis, 
septatis; sporis ellipticis, subfusiformibus, demum uniseptatis. On 
dead leaves. Coll. Hobson (No. 23). Forming irregular fuliginous 
spots, consisting of erumpent tufts of slender flexuous septate flocci, 
which are not constricted or nodulose. Spores elliptical, pointed at 
the ends, becoming fusiform and uniseptate, pale amber-coloured spores 
-012--018 -006mm.”’ I have examined. the specimen ex-Herb. 
R.B.G., Kew “‘on Codieum, coll. Hobson, India ex Herb. Mycol. M. C. 
Cooke 1885’; it is poorly preserved. The general appearance, how- 
ever, of what little is left on the specimen, strongly suggests Cladosporium 
herbarum and if this is correct it would mean deletion of one more 
name from the list of Indian species of Cladosporium. 
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22. Cladosporium scopeforme Berk. 


Berkeley (1854, p. 208) described Cladosporium scopeforme as 
follows: ‘471. Cladosporium scopeforme n.s.; cespitulis parvis 
orbicularibus; floccis erectis simplicibus nodosis;  sporis clavatis 
elongatis curvis subhyalinis. Hab. on the underside of leaves of Myri- 
stica churra, Khasia (Dr. Hooker). Erumpent; spots small, orbicular, 
sometimes scutelleform, consisting of a tuft of erect, simple flocci, 
which are more or less waved, and repeatedly though not sharply genicu- 
late above. Spores clavate, elongated, attenuated below, nearly colour- 
less, 1/1000-1/500 of an inch long. A very pretty and distinct species, 
with the habit of a minute Circinotrichum. If the spores were septate, 
it would come very near to Corda’s genus Helicocoryne.” 


On the same page, in a footnote, Berkeley described Cladosporium 
congestum: ‘‘cespitulis parvis orbicularibus, floccis, erectis simpli- 
cibus, sporis brevioribus clavatis curvis subhyalinis. Hab. on the 
underside of the leaves of Litzea, Ceylon (G. H. K. Thwaites). Spores 
not exceeding 1/1000 of an inch. Thread even. not nodulose. Closely 
allied but distinct.” 


Petch (1919) made a study of both these species. Cladosporium 
congestum is known only from the Ceylon collection on Litsea, but 
C. scopeforme, according to Petch, is represented in Herb. R.B.G., 
Kew, by three specimens from Ceylon, yiz., a Ceylon specimen without 
date and collection number; another, Thwaites 424; and a third, 
Thwaites 485. Petch did not study the Indian specimen of C. scopa- 
forme, which is the type, but after a study of the Ceylon specimens of 
this species and of C. congestum, he stated that they were identical. 


I have examined the Indian specimen (type) of C. scopaforme [on 
Mpyristica (possibly M. gibbosa Hk.f.& Th. fide Petch, 1919, p. 37) 
Khasia, Herb. M. J. Berkeley ex Herb. R.B.G., Kew[Herb. M.U.B.L. 
1580)] and also the Ceylon specimen of the same species on Cinnamomum 
zeylanicum [G. H. Thwaites, Ceylon, ex Herb. M. J. Berkeley ex Herb. 
R.B.G., Kew (Herb. M.U.B.L. 1579)]. I find that both these are the 
same and since Petch (1919) has already stated that the Ceylon specimen 
of C. scopeforme is identical with C. congestum, 1 consider both the 
species to be identical. Berkeley’s description of C. congestum appeared, 
as already mentioned, in a footnote, following the description of 
C..scopeforme and the latter, therefore, may be accepted as the valid 
pais for this fungus. C. congestum is, therefore, a synonym of C. scope- 
orme. 


~The Ceylon specimen of C. scopeforme is better preserved and 
I am giving below a description of the fungus based on a study of 
this specimen. 


The colonies are separate, scattered, sometimes confluent, dark 
. brown, of variable size, up to 3mm. in diameter, circular or irregular 
in outline, and forming no spots. It appears to be a hyperparasite 
on mycelium of Meliolinee on the undersurface of the leaves. The 
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conidiophores are densely crowded and fasciculate, mostly simple, 
up to 560 long, erect, straight or bent or variously curved, somewhat 
of uniform thickness and about 4:2-5-6 wide, thick-walled, pale to 
dark brown, many-septate, markedly geniculate in zig-zag fashion in 
some parts. The conidia are produced acrogenously and singly from 
the tips of the conidiophores. Successive production of conidia by 
renewed lateral growth of conidiophore, regularly to the left and right, 
immediately below scar of fallen conidium, gives the fertile part of 
the conidiophores the zig-zag appearance already referred to. The 
conidia are subhyaline to pale or golden brown in colour, somewhat 
fusiform or elongate-fusiform, broadest in the middle or sometimes 
nearer the base, becoming progressively narrower above, have some- 
what caudate or smoothly rounded subhyaline tips or bluntly rounded 
apices, thick-walled, smooth, usually 3-4 septate, straight or curved or 
more often gradually and twice bent in opposite directions, somewhat 
in S-fashion. They are 26-:6-63-0 long, 7-10 where they are widest, 
2-1-2-8 wide at the flat’ base and 2-1-3-5 wide at the apex. 


Fic. 2. Conidiophores and conidia of Helminthosporium scopeforme from 
Herb. M.U.B.L. 1579. 


ill be clear from the above description, as well as the accompany- 
ing hie ite the fungus is not a Cladosporium. -The markedly ees 
late and simple conidiophores and the eee acted ee ek be 
singly and acrogenously suggest that it 1s best classified as a He min oe 
sporium. Certain observations made by Petch (1919) are pet ney 
here. Berkeley and Broome (1873) enumerated Meliola zigzag Berk. 


~ Curt. in Fungi of Ceylon, No. 1177, citing Thwaites’ numbers 424 and 
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485. Petch stated that these are the numbers included in Herb. R.B.G., 
Kew, under Cladosporium scopeforme and that in the cover of Meliola 
zigzag in Herb. R.B.G. there is only part of Thwaites 424. Meliola 
zigzag (as zigzac) was described by Berkeley (1869, p. 392) as 
“Floccis repentibus confervoideis, articulis utrinque emarginatis obli- 
quis; peritheciis setis acutis tenuibus curvulis cinctis ; sporidiis magnis, 
conidiis helminthosporoideis triseptatis utrinque appendiculatis. On 
leaves. Sporidia 0-002 inch long; conidia 0-0016. The flocci are 
very peculiar.” According to Petch (1919) the greater part of the 
Ceylon specimen of Meliola zigzag in Herb. R.B.G. is Cladosporium 
congestum. He also observed some immature perithecia (? of Dothidea 
orbis) amongst a basal layer of interwoven, thin black hyphe. Indeed, 
these hyphe are evident also in the specimens of Cladosporium scope- 
forme examined by me. Petch has further stated that there is nothing 
in the Ceylon specimen of C. congestum approaching Meliola zigzag 
as re-described by Gaillard (Le Genre Meliola, p. 81) from the type 
specimen, Fungi Cubenses, No. 882. The interesting point that emerges 
from these observations is the close association of Cladosporium scope- 
forme (= C.congestum) with Meliolinee. 


I consider C. scopeforme to be a Helminthosporium hyperparasitic 
on Meliolinee. Accordingly, I am proposing the combination :— 


Helminthosporium scopeforme (Berk., Subramanian comb. nov. 
= Cladosporium scopejorme Berk., 1854, Hooker's J. Bot.. 
¢: 208; Saccardo, 1884, Sylloge Fungorum, 4: 358. 


= Cladosporium congestum Berk.. 1854, Hooker's 
J. Bot., 6: 208; Saccardo, 1884, Sylloge Fungo- 
rum, 4: 359, 


Specimens seen: on Myristica, Khasia (Churra), India, Herb. 
M. J. Berkeley, ex Herb. R.B.G., Kew (Herb. M.U.B.L. 1580—slide), 
TYPE; on Cinnamomum zeylanicum, G. H. Thwaites, Ceylon, Herb. M. J. 
Berkeley, ex Herb. R.B.G.. Kew (Herb. M.U.B.L. 1579—slide). 


23. Glenospora didyma Cooke 


Glenospora didyma was described by Cooke (1876 a 
follows : ‘Epiphylla. Maculis atris, srebatkeeeel subsp Bucnttebes 
floccis repentibus, ramosis, divaricatis, lateraliter papillatis ; sporis 
ellipticis, brunneis, endochromate bipartitis. On fadiag leaves of some 
undetermined plant, Kolapore, Bombay (Coll. Julian Hobson). Forming 
irregular black patches on the upper surface of the leaves. Threads 
ae Bonn Mapchen, sage i with lateral papillz to which the 
re attached; spores elliptical. - ' . 
pares AT A sredt, ptical, -016—-018 x -009 mm., brown, 


Saccardo compiled this species in his Sy/lo S 
as Cladotrichum glenosporoides Sace. [non C. dyiiien Schmn} 
Sacc.]. Butler and Bisby (1931) listed it under this name. 
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I have examined the type specimen ex Herb. R.B.G., Kew (Herb. 
M.U.B.L. 1581—slide). I find that there is no hyphomycete on the speci- 
men, but only one of the Microthyriacee with hyphopodiate mycelium, 
stromata with radial covers and 2-celled ascospores. Indeed, Cooke’s 
figures show the hyphopodiate mycelium with didymospores borne 
at the tips of the hyphopodia and the characteristic stromata with the 
radial centrally ostiolate cover (Plate 63, Figs. 11 and 12 in Cooke, 
1876 a). The didymospores shown as borne acrogenously and singly 
at the tips of short branches are obviously ascospores, and the short 
branches the hyphopodia. In a note after the diagnosis, Cooke stated: 
“In the original diagnosis of this genus (i.e., Glenospora—C. V. S.) 
the spores ate characterised as globose; but the Rev. M. J. Berkeley 
does not regard this as an essential character of his genus, which will 
have to be modified accordingly, as all the features of the present 
species indicate its close affinity with Glenospora melioloides, B. & Curt. ; 
even to the curious discoid bodies composed of radiating flocci, the 
relation of which to the creeping threads has not yet been accurately 
determined. Probably they are early stages of the sporiferous threads.” 


The fungus is not a hyphomycete and since it is based on a Micro- 
thyriaceous fungus, Cooke’s name for it, as well as Saccardo’s, should 
both be rejected and deleted from the list of Indian fungi. 


24. Gliocladium compactum Cooke & Massee 


Gliocladium compactum was described by Cooke & Massee (apud 
Cooke, 1887, p. 16) as follows: “‘cespitulis minutis, panctiformibus, 
ferrugineis; hyphis erectis, congestis, cespitulos compactos efformanti- 
bus, septatis, plerumque simplicibus; capitulo conidiorum cuneato, 
pallide fusco, diu muco obvoluto; conidiis conglutinatis, oblongis, 
concatenatis, 5x3, hyalino fuscis. Hab. in charta uda ex India” 
(Saccardo, 1892, p. 528). 


Petch (1939) studied type material of this fungus and wrote as 
follows: ‘‘In the type in Herb. Kew, the tufts are more or less circular, 
and consist of a mixture of rough or spinulose red-brown hyphe, 1:5 u 
in diameter, and ellipsoid, verrucose spores, pale yellow, brownish 
yellow in mass, 4X3. The spores are not held together by mucus, 
but some are contained in oval or wedge-shaped asci, about 107 wp. 
The fungus appears to be a Eurotium, similar to E. orientale, with the 
perithecia disintegrated and collapsed. It no doubt occurred on plants 
in drying papers, and parts of the fungus adhered to the paper.” 


My study of the type material ex Herb. M. C. Cooke ex Herb. 
R.B.G., Kew, has confirmed Petch’s observations. Gliocladium com- 
pactum is based on an ascomycete and the name should be rejected. 


25. Rhinocladium corticolum Massee 


Rhinocladium corticolum Massee is based on a collection on the 
bark of a living mango (Mangifera indica Linn.) made from Poona, 
Bombay State. Massee’s (1901, p. 153) description of the fungus was 
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as follows: ‘‘Acervuli orbiculares, vel irregulares, 2-3 cm. diam., effuso- 
superficiales, velutini, nigro-olivacei. Hyphe steriles repentes, dense 
intricato-ramose, septate, olivacee, 5-7 crasse, hic inde hyphas 
fertiles gerentes; hyphe fertiles erecta, concolores, apices versus pal- 
lescentes. Conidia ad apice producta, globosa, olivacea, episporio 
densissime et minutissime tuberculata, 15-18, diam. Bombay Presi- 
dency. On the bark of a living mango, Mangifera indica Linn., Poona, 
Woodrow. The numerous patches of the fungus at times almost cover 
the bark at diseased spots.” 


I have examined the type specimen of this fungus ex Herb. R.B.G., 
Kew (Herb. M.U.B.L. 1576—slide). The material is very meagre. | 
could only make out compact aggregations of deep brown cylindrical 
hyphe which are intricately ramose, the branches usually arising at 
right angles to the parent hyphe. They are septate, thick-walled and 
up to 7:2 thick. Although the material is meagre, | could still find 
a few one-celled, dark brown, somewhat globose conidia (aleuriospores) 
which varied from 12-6-19-8 in diameter. The conidia are produced 
terminally and singly on lateral branches or branchlets of the hyphe 
and are thinner-walled than the vegetative hyphe. I could not confirm 
Massee’s description of the conidial epispore as minutely tuberculate; 
indeed, the few conidia seen by me had perfectly smooth walls. 


Through the courtesy of the Government Mycologist, Coimbatore, 
I have been able to examine some other specimens labelled R. corticolum 
and collected on twigs of Mangifera indica from various parts of 
Southern India (ex Herb. Government Mycologist. Coimbatore) :— 


M.U.B.L. 1601 .. Sholavandan, Madura District, coll. Agri- 
cultural Demonstrator, 31—3-1937. 

M.U.B.L. 1602 .. Panora, Wynaad, South Malabar, coll. 
W. McRae, 16-11-1909. 

M.U.B.L. 1603 .. Pollachi, Coimbatore District, coll. R. N., 
June, 1923. 

M.U.B.L. 1604 .. Received from Mr. Anstead on 18-12-1918 
(locality not stated). 

M.U.B.L. 1605... Manjeri, Malabar District, coll. C. R. V., 
18-7-1941. 


All these specimens are similar but M.U.B.L. 1601 appeared to be good 
material for detailed study; it is described below. 


The colonies are somewhat extensive and spreading on the sub- 
stratum, and deep black in colour. The fungal growth consists of 
black, flat masses of spreading repent hyphe interspersed with vertical, 
erect, straight or bent or curved, somewhat stilboid aggregations of 
hyphe which converge above. In the basal spreading stratum of repent 
hyphe, the hyphe are very closely aggregated and are not easily sepa- 
rable for microscopic examination and study. They are deep brown 
in colour and of somewhat uniform thickness, being up to 3-5-5:4y 
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Fic. 3. Peziotrichum corticolum from Herb. M.U.B.L. 1601. A, the basal 
stratum of hyphe and the synnema-like growths; B, intricately branched basal 
stratum of hyphe and aleuriospores; C, D, conidiophores and _ conidia 
(aleuriospores); E, early stages in the formation of conidia. 


wide. They are profusely and sometimes repeatedly branched, the 
branches often being close to each other and mostly arising at right 
angles to the parent hypha; they may or may not be cut off by septa. 
The conidia are produced singly and terminally at the tips of some of 
the branches and branchlets. The young branches and branchlets are 
usually paler in colour than the parent hyphe, being sometimes even 
subhyaline; their length is variable. The conidia are one-celled, pale 
to dark brown in colour, somewhat globose, smooth, dry, and 12-6- 
18-Ou in diam. The scattered erect vertical aggregations of hyphe 
mentioned earlier arise from the spreading stratum of repent hyphe. 
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They are composed of numerous hyphe closely clustered together but 
spreading out above into the individual hyphe, and are up to 2-1] mm. 
long and up to 420» wide at the base. These hyphe are septate, mostly 
unbranched, sterile, and 3-5-5-Op wide. 


Although type material of Rhinocladium corticolum is very meagre, 
it is sufficient to indicate that it is hardly different from Herb. M.U.B.L. 
1601 on which the description just given is based. It appears likely 
that the material on which Massee based his description was immature 
and had only the basal stratum of repent conidiophores and conidia, 
the vertical fascicles of sterile hyphe being absent. It may be men- 
tioned here that in a note on the occurrence of this fungus in Calcutta, 
Bal and Banerjee (1921) have figured the tufts of sterile hyphae. The 
systematic position of Massee’s fungus, therefore, has to be re- 
considered. 


M.U.B.L. 1601 appears to have close similarities to Botrpotrichum 
Sacc. & March. which is classified in the Dematiacee-Amerospore 
by Lindau (1900), Clements and Shear (1931) and Ainsworth and Bisby 
(1954). However, 8B. piluliferum Sacc. & March., the type species, 
is a moniliaceous fungus according to Blochwitz (1914). The fertile 
hyphe are hyaline, septate and very little branched. The aleuriospores 
are acrogenous, borne either single on short, undifferentiated lateral 
branches or in whorls or in racemose clusters, hyaline, globose, 10-21 u 
in diam., and smooth. Downing (1953) has reported a phialospore 
stage also, the phialospores being produced in a single chain which 
sometimes slimes down, and are elliptic, hyaline, and smooth. The 
sterile hairs are borne singly or in tufts on the creeping, aerial hyphe 
and are olive-grey to brownish, simple and septate. M.U.B.L. 1601 is 
not, therefore, congeneric with B. piluliferum. 


The question of assigning M.U.B.L. 1601 to the genus Peziotrichum 
was then considered. Peziotrichum was first described by Saccardo 
(1893) as a subgenus of Botryotrichum and is based on Botryotrichum 
(Peziotrichum) lachnella Sacc., collected on living branches and spines 
of Bursaria spinosa from Victoria, Australia. Saccardo’s description 
(from Saccardo, 1895, pp. 614-15) was as follows: “‘ Hinc inde gregarium, 
umbrino-fuscum; cespitulis ex hyphis dense circulariter fasciculatis 
compositis, Pezizulam hirtam (ex. gr. Lachnellam barbatam revocantibus) 
1 mm. diam., subinde confluentibus; hyphis sterilibus erectis, rigidulis, 
septulatis, 0-7 mm. longis, 3-4 cr., apicem versus pallidioribus, acu- 
tiusculis, basi ramos fertiles, flexuosos, inequaliter ramulosos_pallidiores 
gerentibus; conidiis sphericis, levibus, subhyalinis, intus granulosis, 
12» diam., ad ramulos acropleurogenis, subinde stipitellatis.”” Saccardo 
even suggested that it may be necessary to raise it to generic rank and, 
indeed, Lindau did so in 1900 (Lindau, 1900). In a critical discussion 
of the genera Botryotrichum and Peziotrichum, Petch (1927) indicated 
that the two genera are distinet since Peziotrichum lachnella, unlike 
Botryotrichum piluliferum, has dark-coloured hyphe. Examination of 
type material of Peziotrichum lachnella by Downing (1953, p. 938) 
revealed “‘a growth composed of reddish brown, smooth, septate, 
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sterile hairs which are occasionally branched and rebranched, and 
which are always borne at the circumference of a circular depressed 
acervulus; they measure 608-1040 x3-9-5-:2,. No spores were seen 
at this time. The growth is confined to smal] areas and shows no 
spreading mycelium’. 


There isnodoubtthat M.U.B.L. 1601 is not a Rhinocladium, in so far 
as that genus is poorly known. On the other hand, it has resemblance 
to Peziotrichum lachnella, although the colonies in the former, in con- 
trast to those of the latter, are spreading and the sterile hairs do not 
appear to be confined to the circumference of the so-called acervuli; 
but these characteristics do not certainly warrant generic separation 
of M.U.B.L. 1601 from Peziotrichum lachnella. Thus, it would appear 
that M.U.B.L. 1601 and the four other collections (M.U.B.L. 1602-1605) 
are best classified in Peziotrichum. As mentioned earlier, the type 
material of Rhinocladium corticolum is very much like an immature 
specimen of M.U.B.L. 1601 without the vertical fascicles of sterile hyphe. 
The n.easurements, and the nature of the vegetative hyphe, the spore- 
bearing branches and the aleuriospores are similar. This fact, coupled 
with its occurrence on the same host, strongly suggests that Massee’s 
fungus is an immature specimen of, and essentially the same as, 
M.U.B.L. 1601. Accordingly, I propose to classify provisionally all 
these specimens in one species in the genus Peziotrichum as: 


Peziotrichum corticolum (Massee) Subramanian comb. nov. 


= Rhinocladium corticolum Massee, 1901, Kew Bull., 1901: 
153; Saccardo, 1906, Sylloge Fungorum, 18: 572. 


The name is only provisional. The ‘aleuriospores’ found in all 
collections seen are not usually shed and it is not unlikely that these 
may prove to belong to Septobasidium as, indeed, was hinted by Petch 
(1927) in the case of Peziotrichum lachnella. 


26. Helminthosporium obclavatum Massee 


Helminthosporium obclavatum was described by Massee (1899, 
p. 166) as follows: “‘Hyphz rigidulz, simplices, fasciculares, fusce, 
opace, sursum attenuate, 350-400 12-14, maculas aterrimas velu- 
tinas formantes. Conidia elongato-obclavata, 7-ll-septata, pallide 
olivacea, 80-120 x 18-20». N.-W. Provinces. On branches of Helicteres 
isora Linn., Siwalik Hills, Gamble 26,477. Resembling H. velutinum 
Link, but differing in the larger pale conidia.”’ 


I have examined the type specimen ex Herb. R.B.G., Kew (Herb. 
M.U.B.L. 1574). The colonies are effuse, spreading and covering the 
substratum, black, markedly velutinous, consisting of an abundance 
of crowded conidiophores. The conidiophores are simple, erect, straight 
or bent, cylindrical, 518-910 » long, stromatic at the base (the stromatic 
base being 25:2-50-4 tall and 25-2-43-2 wide), 14:0-18:2u wide 
immediately above the stroniatic base, 11-2-12:3 » wide in the middle, 
and 9-8-11:2, wide at the tip which is rounded and has a distinct 
scar showing the point of attachment of the fallen conidium. They 
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are brown, darker belcw, paler above, thick-walled and many-septate, 
the septa being farther apart towards the base than above. The conidia 
are produced acrogenously and singly at the tips of the conidiophores 
and are obclavate, widest nearer the base than above, tapering above 
into a somewhat prolonged, narrow, cylindrical tip, many-septate 
(up to 17-septate), pale to golden biown in colour, thick-walled, some- 
times constricted at one or more septa, and each having a prominent, 
flat. dark scar at the base indicating the point of attachment to the 
conidiophore. The conidia are 84-118 long, 14-0-18-2, where 
they are widest, 5-6-7-7 wide at the flat base, and 2-8-5-6, wide 
towards the apex. 


Fic. 4. Helminthosporium siwalikum from type specimen, Herb. M.U.B.L. 
1574. A, conidiophore; B, tip of conidiophore ; C, conidia. 

H. obclavatum Massee (1899) may be retained in Helminthosporium ; 
but it is a later homonym of H. obclavatum Saccardo, 1877 (Saccardo, 
1884, p. 416) which is based on a collection on dead wood of Alnus 
glutinosa from Italy. Saccardo’s Helminthosporium was described as 
having solitary acrogenous conidia which are 18—24-septate, obclavate- 
fusoid with long attenuate tips and 90x15 #; its conidiophores were 
stated to be 60-70» long and 6-7» wide. It would appear, therefore, 
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that Massee’s fungus is not the same as Saccardo’s. Accordingly, 
I propose a new name for the former: 


Helminthosporium siwalikum Subramanian nom. nov. 


= Helminthosporium obclavatum Massee, 1899, Kew Bull., 
1899: 166 (Saccardo, Sylloge Fungorum, 16: 1063) 
non Helminthosporium  obclavatum  Saccardo, 1877, 
Michelia, 1: 85 (Saccardo, Sylloge Fungorum, 4: 416). 


Type specimen: on branches of Helicteres isora Linn., Siwalik 
Hills, India, coll. J. S. Gamble, January 1898, ex Herb. R.B.G., Kew 
(Herb. M.U.B.L. 1574—slide). 


27. Helminthosporium bambuse Cooke 


Cooke (1892, p. 91) described Helminthosporium bambuse as follows : 
*““Cespitulis compactis, convexis, atris, gregariis, plerumque spherie- 
formibus; hyphis fasciculatis, erectis, teretibus, septatis, pallide fuscis 
v. subfuligineis; conidiis acrogenis, lanceolatis, superne acutis, 3—5- 
septatis, nec constrictis pallide fuscis, 60-7012, episporio tenui. 
Hab. in Bambusa spinosa, Assam (Mann).”’ 


I have examined type material of this species ex Herb. R.B.G., Kew 
(Herb. M.U.B.L. 1572) and the following description is based on a 
study of it. 


EE 


Fic. 5. Exosporium bambuse from type specimen, Herb. M.U,B.L. 1572. A, 
luster of conidiophores; B, mature conidia; C, method of production of conidia. 
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The colonies are separate, rarely confluent, dark brown in colour, 
velutinous, circular to irregular in outline, up to about 0-5 mm. wide, 
and composed of closely aggregated conidiophores arising from a 
stromatic base. The conidiophores are simple, erect, straight or bent 
or flexuous, long, somewhat cylindrical and of uniform thickness through- 
out, smooth-walled, septate, dark brown in colour, paler towards the 
apex, up to 240, long and up to 14 wide. The conidia are produced 
acrogenously and singly at the tips of the conidiophores and are pale 
to golden brown in colour, thin-walled, long-obclavate or lanceolate, 
sometimes with a prolonged narrow apex, widest somewhat in the 
middle or immediately below, mosily 3-S-, but rarely up to 6-septate, 
sometimes faintly constricted at the septa and broad-based with a scar 
at the point of attachment to the conidiophore. They are 35-91 
long, 11-:2-14-0 wide where they are widest, 2-5-3-5 wide at the 
flat base and 2-1-2-8 » wide towards the tip. 


On the basis of the description just given and of Cooke’s diagnosis 
of the fungus, I consider that the fungus is better classified in Exosporium 
as: 

Exosporium bambuse (Cooke) Subramanian comb. nov. 


= Helminthosporium bambuse Cooke, 1892, Grevillea, 20: 
91; Saccardo, 1892, Sylloge Fungorum, 10: 616. 


Type specimen: on Bambusa spinosa, Assam. G. Mann. ex Herb. 
R.B.G., Kew (Herb. M.U.B.L. 1572—slide). 


28. Helminthosporium cantonense Saccardo 


Helminthosporium cantonense was described by Saccardo in 1921 
from a collection on Bambusa sp., from Canton, China (Saccardo, 1921, 
1931). He described the fungus as follows (Saccardo, 1921, p. 604): 
“Effusum, olivaceo-nigrum, adpressum, maculiforme; conidiophoris 
erectis, simplicibus, ratione brevibus, 80-956 subseptatis, apice obtu- 
siusculis, pallidioribus; conidiis obclavatis, 7- ad 9-septatis, ochraceo- 
fuligineis, 50-628, sursum obtusule cuspidatis, pallidioribus, sepe 
curvulis.”” 


I have examined type material of this species ex National Fungus 
_ Collections, U.S.D.A. (Herb. M.U.B.L. 1589). The following description 
is based on a study of the type specimen. 


The colonies are blackish brown, effuse and covering large patches 
on the substratum. The repent hyphe are pale brown, septate and 
branched. The conidiophores arise laterally from cells of the repent 
hyphe, or may be terminal. They are decumbent or erect, straight 
or bent or curved, simple, somewhat cylindrical and of the same width 
throughout, dark brown in colour, paler above, septate (septa 7-21 uw 
apart), up to 294 long, 3-5-4:9 wide at the base, and 2-8-4-2 Mm 
wide above. The conidia are pheophragmospores borne acrogenously 
and singly at the tips of the conidiophores; they are obclavate, straight 
or curved and bent variously, the curvature being sometimes abrupt, 
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narrowed towards the base to a flat scar, widest immediately above, 
and narrowing further up, often with a somewhat prolonged and narrow 
cylindrical caudate tip, brown in colour, darker towards the base and 
paler above, and 4-13-septate. The conidia are 28-95 uw long, 7:0-8-4 


wide where they are widest, and 2:1-4:2 wide at the flat base and 
towards the apex. 


. Fic. 6. Conidiophores and conidia of Sporidesmium cantonense from type 
specimen, Herb. M.U.B.L. 1589. 


_ _On the basis of this description, I think the fungus is better classified 
in Sporidesmium than in Helminthosporium: 


Sporidesmium cantonense (Saccardo) Subramanian comb. nov. 


= Helminthosporium cantonense Saccardo, 1921, Philipp. J. 
Sci., 18: 604; Saccardo, 1931, Sylloge Fungorum, 25: 
821. 


Type specimen: on Bambusa sp., Kwang Tung, Canton, Reinking 
4689, May 7, 1919, ex National Fungus Collections, U.S.D.A. (Herb. 
M.U.B.L. 1589—slide). 


29. Helminthosporium stahlii Stevens 


_ Helminthosporium stahlii was described by Stevens (1917) from 
a collection on leaves of Passiflora fetida from Puerto Rico. It was 
described as follows: ‘‘Maculis foliicolis parvis et irregularibus quan- 
doque latis et diffusis, supra pallidis infra obscuris ; conidiophoris nume- 
rosis, laxis, longis, 155 », curvis, et stramineis flavis, coacervatis obscuris, 
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simplicibus yv. ramosis; conidia forma magnitudine conformibus 
246-7, elongato ellipsoideis v. piriformibus, uno apice rotundatis 
altere angustiore apiculatis, juventute continuis dein I-septatis maturis 
3-septatis” (from Saccardo, 1931, p. 829). 


I have examined type material of this fungus, ex National Fungus 
Collections, U.S.D.A. (Herb. M.U.B.L. 1591). The spots on the leaves 
are yellowish to brownish. The conidiophores are fasciculate and 
arise from a stromatic base; they are lax, simple or branched, brownish 
at the base, paler in colour above, subhyaline towards the tip, septate, 
up to 170 long, 4-2-5-6 » wide at the base, 2°8-4-2 4 wide and genicu- 
late towards the tips. The conidia are produced acrogenously and 
singly at the tip of the conidiophore, but a succession of conidia is 
produced by renewed growth of the conidiophore from immediately 
below scars of fallen conidia. The conidia are short and cylindrical 
to slightly obclavate or long and typically scolecospores, subhyaline, 
0-3-septate, thin-walled, and 18-2-50-4x2-8-7-0pn. 


Fic. 7. Cercospora stahlii from type specimen, Herb. M.U.B.L. 1591. A 
conidiophores; B, production of conidia; C, conidia. 


> 
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It will be clear from this description and the accompanying figure 
that the fungus is not a Helminthosporium. The conidia are consider- 
ably longer and thinner than what they were described to be by Stevens. 
Since the conidia are typical scolecospores, I think that this fungus 


is best classified as a Cercospora. Accordingly. I i 
A A ae ip gly, I propose the following 


Cercospora stahlii (Stevens) Subramanian comb. nov. 


= Helminthosporium  stahlii Stevens, 1917, Trans. Ill. Acad. 


ae 10: 208; Saccardo, 1931, Sylloge Fungorum, 25: 


Specimens seen: on leaves of Passiflora fetida, Preston’s Ranch 
Puerto Rico, coll. F, L. Stevens, 31-12-1913, No. 6670 Porto Rican 
Fungi, Univ. of Illinois Herb., Type (Herb. M.U.B.L. 1591—slide) ; on 
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Passiflora fetida, Morovis Grove, Vega Baja, Puerto Rico, 26—4-1938, 
coll. W. A. McCubbin, det. E. E. Dicks (Herb. M.U.B.L. 1592—-slide) 
(In this latter specimen, a slip attached to the packet adds in pencil 
“Cercospora?” after the name, Helminthosporium  stahlii Stevens.) 
Both specimens, ex National Fungus Collections, U.S.D.A. 


30. Helminthosporium rostratum Drechsler, 1923, J. agric. Res., i 
24: 724, ic. 


This species is represented in Herb. M.U.B.L. (No. 1058) by one 
collection on dead stubble from Madras. A description, based on 
this material, follows: The colonies are effuse. somewhat velutinous 
and dark brown in colour. The conidiophores are erect, straight or 
bent, simple, dark brown below, becoming paler towards the tip, golden 
brown and geniculate towards the tip, somewhat cylindrical but gra- 
dually and slightly becoming narrower above, septate (septa. 25-2- 
54-0 apart), and 430-575 7-16. The conidia are produced acro- 
genously and singly at the apex of the conidiophore; successive produc- 
tion of conidia following renewed growth of conidiophore from 
immediately below scars of fallen conidia results in a geniculate apical 
portion. The conidia are fusiform to long-elliptical, widest in the 
middle or rarely immediately above or below the middle, gradually 
narrowing both above and below, with a basal cell which is crucible- 
shaped but with a narrowed, mamillate base with a distinct scar, with 
the apical cell broadly and smoothly rounded, straight or faintly or 
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Fic. 8. Conidiophores and conidia of Helminthosporium rostratum from Herb. 
M.U.B.L. 1058. 
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markedly curved, rarely with a forked tip, pale olivaceous to brown 
in colour, many- (up to 14-) septate, the lowermost and the topmost 
septa being usually thickened and prominent. The conidia are 56-140 » 
long, and 12-2-26-3 wide where they are widest; the conidial scar 
at the base is about 3-5, wide. 


Helminthosporium rostratum Drechsler (1923) was described as 
having simple conidiophores which are 1—6-septate, 40-180 » long and 
8» wide; the conidia were stated to be rostrate, 8-15-septate, 32-184 uw 
long and 14-22, wide. The conidiophores in M.U.B.L. 1058 (on dead 
stubble, Guindy, Madras, coll. T. S. Sadasivan, 17-12-1953) are very 
much longer (430-575) and thicker (7-16); however, the conidia 
are rostrate and in size, shape and septation are similar to those of 
H. rostratum. Ihave, therefore, assigned M.U.B.L. 1058 to H. rostratum. 


H. rostratum is reported here for the first time from India. 
31. Helminthosporium longirostratum sp. nov. 


This fungus was collected on dead leaves of Borassus flabellifer, 
from Sevvapet, near Madras. The colonies are deep brown in colour 
and effuse. The conidiophores are simple, erect, straight or bent, 
dark brown in colour, thick-walled, cylindrical and of somewhat uni- 
form width throughout, but slightly narrower towards the apex, swollen 
at the base, and many-septate. They are up to 3504 long, 10-8-14-0u 
wide at the swollen base, 8-4-10-8 wide in the middle and 5-6-8-4y 
wide at the apex. The conidia are produced acrogenously and singly 
at the tips of the conidiophores. They are long-obclavate with an 
elongate and narrow apical portion, widest immediately above the base, 
with a prominent mamillate base showing the point of attachment to 
the conidiophore, straight or curved or sometimes even sharply bent, 
many- (up to 22-) septate, pale brown in colour, slightly paler towards 
the apex which is smoothly rounded, and germinating at the apical 
or the basal cell. The conidia are up to 310 long, 12-6-21-0, wide 
where they are widest, 8-4-10-5 » wide at the basal cell and 5-6-7:7 4 
wide towards the tip; the basal scar of the conidium is 2-8—3-5 wide. 


The fungus is easily classified in Helminthosporium. From a study 
of literature, comparison of my fungus with the following three species 
of Helminthosporium appeared necessary, viz., H. rostratum Drechsler 
(Drechsler, 1923, p. 724), H. giganteum Heald & Wolf (Heald & Wolf, 
1911, p. 21) and H. makilingense Sydow (Sydow, 1920, Ann. mycol., 
18 : 103). The conidial measurements and septation of these species 
(from descriptions) and of my fungus (Herb. M.U.B.L. 888) are: 


Species Length Width Septation 
H.rostratum .. 32-184 14-22 uw 8-15 a 
H. giganteum .. 300-315 15-21 pw 5 


H. makilingense 100-300 10-12 p 12-18 


M.U.BLL. 888 .. upto 310 = 12-21 p up to 22 
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Fic. 9. Conidiophore and conidia of Helminthosporium longirostratum from 
type specimen, Herb. M.U.B.L. 888. 


It is obvious that in conidial length M.U.B.L. 888 closely approaches 
H. giganteum and H. makilingense, but not H. rostratum. M.U.B.L. 888 
differs, however, from H. giganteum in having conidia with a consider- _ 
ably higher septation, and from H. makilingense in having considerably 
stouter spores. M.U.B.L. 888 does not, therefore, appear to be con- 
specific with the three species just mentioned or, for that matter, with 
species so far compiled in Helminthosporium. Accordingly, I :am 
classifying it as a new species: Ce 


Helminthosporium longirostratum Subramanian sp. noy, 
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Colonie fusce brunnex, effuse. Conidiophori simplices, erecti, 
recti vel curvi, fusce brunnei, crassis parietibus prediti, cylindrici, 
septati, usque ad 350 longi, 10-8-14-0, lati ad basim tumescentem, 
8-4-10-8y lati ad medium, 5-6-8-4,4 lati ad apicem. Conidia pro- 
ducta acrogene atque singulariter ad apices conidiophororum, longo- 
obclavata portione apicali elongata atque angusta, rotundata ad apicem, 
latissima supra ipsam basim, mamillata ad basim, recta vel curva vel 
nonnumquam acute flexa, usque ad 22-septata, pallide brunnea, tenuiter 
pallidiora ad apicem, usque ad 310, longa, 12°6-21-O, crassa ad 
partem latissimam, 5-6-7:7 lata ad apicem; cellula basalis conidii 
8-4-10:5 ampla, cicatrice basali 2-8-3-5y lata. 


Typus lectus in foliis emortuis Borassi flabelliferi Linn. in loco 
Sevvapet, in regione Chingleput, in Statu Madras, die 10 aprilis anni 
1953 a C. V.S. et positus in herbario M.U.B.L. sub numero 888. 


32. Helminthosporium sigmoideum Cavara 


Helminthosporium sigmoideum was described by Cavara (1889) 
from a collection on Oryza sativa made in Italy. He described the 
fungus as follows :— 


‘‘Effusum, atrum; hyphis fertilibus sparsis erectis, rigidiusculis, 
hinc inde nodulosis 8—-10-septatis, simplicibus, olivaceis, 100-150 5p; 
gonidiis magnis, falcato sigmoideis, utrinque obtusis, triseptatis, cel- 
lulis mediis crassioribus, granulosis, dilute olivaceis, extimis hyalinis 
55-65 « 11-14 p. 


‘Sur les graines, les feuilles, les tiges de Oryza sativa. Environs 
de Pavie Eté et automme. Forme yoisine du H. hyalophlem Sacc. 
(Fung. Ital. 814). Qui a cependant des hyphes fasciculees et des gonidies 
plus petites et point sigmoides de forme.” (Cavara, 1889, p. 185). 


___ Tullis (1933) made a detailed study of the fungus and showed that 
it is the conidial stage of Leptospheria salvinii Catt. and Sclerotium 
oryze Catt. He made a comparative study of isolates of Sclerotium 
oryze from the United States, Japan and India and concluded that 
they were similar and the majority of them produced a conidial stage 
agreeing with Helminthosporium sigmoideum. The identity of the 
conidial stage with Cavara’s Helminthosporium was confirmed by an 
examination of an exsiccatum distributed by Cavara under this name. 
‘On. the basis of his study, Tullis (1933, p. 683) described the conidial 
stage as follows: “Conidiophores dark-coloured, septate, erect, simple 
or sparsely branched, 4-Sp by 100-175; conidia borne singly on 
sharp pointed sterigmata, fusiform, typically three-septate, simply 
‘curved or slightly sinuous; intercalary cells Prout’s brown, densely 
* granular ; terminal cells lime-green, less granular than intercalary - 
cells; apical cell frequently longer and less acutely pointed than basal 
cell; spores occasionally constricted at middle septum, 9-9u-14-2p 
by 29-49 , mostly 11-12-5 by 34-40. Habitat on leaves and culms 
of Oryza sativa and Zizaniopsis miliacea.” 
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Fic. 10. Vakrabeeja sigmoidea: A, conidiophores and conidia, redrawn from 
Cavara’s figures (sub. Helminthosporium sigmoideum) as reproduced in Tullis (1933, 
p. 680); B, conidiophores and conidia (also sub. Helminthosporium sigmoideum) 
redrawn from Tullis’ (1933, p. 681) figure. (Magnification for A not stated.) 


Cavara’s and Tullis’ illustrations are reproduced here (Fig. 10). 


Tullis’ critical and thorough study has obviated the need to re- 
study material of this fungus. His description and figure indicate 
that the conidia are typically like those of species of Curvularia Boedijn— 
lunata group (Boedijn, 1933) since they are characteristically bent or 
curved and have the middle cells darker coloured than the cells towards 
the apex and the base. Another interesting feature of the fungus is 
the production of conidia on distinct sterigmata on the conidiophore. 
Indeed, this is not a feature found in typical Helminthosporium or 
Curyularia. Helminthosporium sigmoideum, therefore, is neither a 
Helminthosporium nor a Curvularia. Since I know of no genus where 
it can be suitably classified, I propose a new one for it. The generic 
name Vakrabeeja is derived from Sanskrit : 7% (vakra) = curved, bent; 
and 4 (beeja) = seed, spore, indicative of the curved conidia which 
are typical of the fungus. 
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Vakrabeeja Subramanian gen. nov. 


Pertinet. ad Fungos Imperfectos, ad Moniliales, Dematiaceas, 
Phragmosporas. Conidiophori erect, brunnei, septati, simplices vel 
ramosi, sterigmatibus acutis. Conidia pheophragmospora, producta 
singulariter e sterigmatibus, fusiformia, curva vel flexa, cellulis centralibus 
fuscis, apicalibus vero pallidioribus. Similis Curvularie Boedijn a 
qua tamen differt conidiis productis e sterigmatibus acutis. 


Fungus imperfectus, Moniliales, Dematiacee, Phragmospore. 
Conidiophores erect, brown, septate, simple or branched, with pointed 
sterigmata. Conidia pheophragmospores, produced singly on the 
sterigmata, fusiform, bent or curved, the central cells dark-coloured, 
end cells paler in colour. Similar to Curvularia Boedijn, but differs 
in having conidia produced on pointed sterigmata. 


Type species: 
Vakrabeeja sigmoidea (Cavara) Subramanian comb. nov. 


= Helminthosporium sigmoideum Cavara, 1889, Rey. Mycol., 
11: 185, ic. On grains, leaves and culms of Oryza sativa 
Linn. Pavia, Italy. 


Conidial stage of Leptospheria salvinii Catt. and Sclero- 
tium oryze Catt. 


33. Brachysporium senegalense Speg. 


Spegazzini described the fungus in 1914 from a collection on 
Graminee from Africa. The following is a description of the fungus 
(from Saccardo, 1931, p. 835): ‘‘Dense gregarium, velutinum, atrum; 
conidiophoris confertis, erumpentibus, erectis, simplicibus, gracilibus, 
3—6-septulatis, basi subbulbosis, atris sed pellucidis, 209-300 x 6-8 pu, 
leniter flexuosis, apice integris monospermis; conidiis solitarie acro- 
genis, mox deciduis, ellipsoideo-fusoideis, utrinque acutiusculis, rectis 
vel inequilateris, 4-septatis, ad septa leniter constrictis, 22-28 x 10-12» 
loculis extimis hyalinis, mediis olivascentibus, centrale majore atro- 


olivaceo.”’ 
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Fic. 11. Conidia of Curvularia senegalensis from type imen 
M.U.B.L. 1612. “ aaltepet 


I have examined type material of this fungus, ex Colecciones Mico- 
logicas, Museo-Instituto Spegazzini (Herb. M.U.B.L. 1612). The material 
has been well preserved. A study of the material showed that the coni- 
dia are mostly 4-septate, as indeed was described by Spegazzini, and 
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typically like those of Curvularia Boedijn. They are straight or more 
often curved, widest in the middle and becoming narrower towards 
either end.. The central cell of the conidium is the darkest, widest and 
longest; the apical and the basal cells are paler in colour and sub- 
hyaline. The apical cell is rounded at the tip, and the basal cell is cruci- 
ble-shaped with a somewhat flattened base and distinct basal scar indi- 
cating the point of attachment to the conidiophore. The conidia are 
21-31 » long and 8-4-12-6 wide where they are widest. The conidio- 
phores are geniculate towards the tip and this indicates successive pro- 
duction of acrogenous conidia by renewed growth of the conidiophore 
from immediately below scar of previous fallen conidium. It is obvious 
that the fungus is not a Brachysporium; it is clearly a Curvularia of 
the Geniculata group (Boedijn, 1933). A comparison of this fungus 
with descriptions or material of the various species of Curvularia belong- 
ing to this group indicates that it is the same as Curvularia falcata (Tehon) 
Boedijn [= Acrothecium falcatum Tehon (Tehon, 1919)]. In a dis- 
cussion of this group of fungi, Groves & Skolko (1945) considered the 
relation of two other names to Curvularia falcata, viz., Helminthosporium 
caryopsidum Sacc. and H. curvulum Sacc., both of which were stated 
to have spores of the Curvularia type. On the basis of material avail- 
able to them under these names, they pointed out that, should further 
critical studies prove it to be so, Helminthosporium caryopsidum (1914) 
would provide the earliest name for Curvularia falcata. In any case, 
Brachysporium senegalense has to be classified in Curvularia and, as 
far as our present knowledge goes, provides. in my opinion, the earliest 
name for Acrothecium falcatum Tehon. 


Curvularia senegalensis (Speg.) Subramanian comb. nov. 


= Brachysporium senegalense Speg., 1914, Anal. Mus. nac. 
“Buenos Aires, 26: 133; Saccardo, 1931, Sylloge Fungorum, 
292165). 


= Acrothecium falcatum (as flacatum) Tehon, 1919, 
Bot. Gaz., 67: 509, ic.; Saccardo, 1931, Sylloge 
Fungorum, 25: 813. 


= Curvularia falcata (Tehon) Boedijn (as C. flacata), 
1933, Bull. Jard. bot. Buitenz., Ser. III, 13: 130; 
Groves, J. W. & Skolko, A. J., 1945, Canad. 
5 2 Oey 5 NBO RYT 


The fungus was recorded earlier from this country as Curvularia 
falcata (Subramanian, 1953 b). 


34. Polydesmus indicus Subramanian 
35. Septonema intercalare Cash & Watson 


I consider it necessary to discuss these two species together. 
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Polydesmus indicus was described by me two years ago (Subra- 
manian, 1954) from a collection on dead spathe of Cocos nucifera from 
the T.-C. State, India. The specific diagnosis was as follows: “Colonies 
effuse, black, powdery, Repent hyphe brown, branched, septate, up to 
5 broad. Conidiophores arising laterally from cells of repent hyphe, 
short, mostly simple, subhyaline to pale brown, septate, thin-walled, 
often torulose, up to 25 long, up to 5 broad. Conidia dark brown, 
1-4-celled, mostly 2-3-celled, thick-walled, faintly verrucose, acro- 
genous, produced acropetally in unbranched or branched chains from 
the tip of the conidiophore, connected with each other by an isthmus 

= separating cell), 9-20x4-8-7:2; isthmus small, narrow, pale 

brown, I-celled, produced singly from any part of apical or other cells 
of each conidium, or often up to 4 from the apical cell of conidium, 
resulting in branched chains of conidia, 3-2-4:03-:2y” (Subra- 
manian, 1954, pp. 33-34). 


Septonema intercalare was described by Cash & Watson (1955) 
recently from several collections on Orchidacee from the United States, 
They described the fungus as follows: “Closely compact chains of 
cells forming pulverulent masses on the host surface; no well-developed 
conidiophores, the conidial chains originating from 2-3 toruloid, sub- 
globose, pale greenish-biown basal cells 2-3, m diameter; conidial 
filaments 150-175, long, simple or 2-3-branched; conidia  thick- 
walled, oblong-ellipsoid, at first pale olivaceous, becoming dark brown, 
simple to 5-septate, developed acropetally, 11-254-6u, mostly 12-14 
x 5-6», excluding the intercalary cells; intercalary cells 1-2, globose, 
2-3» in diameter, hyaline to subhyaline, developing at the distal end 
of each conidium and remaining attached to the conidium after the 
chain breaks up; branching of chain occurring where two intercalary 
cells are formed on a single conidium and a new conidium is developed 
from each” (Cash and Watson, 1955, p. 744). 


A comparison of the descriptions of Polydesmus indicus and of 
Septonema intercalare shows that they are congeneric, but specifically 
distinct. The production of branched acropetal chains of pheophragmo- 
spores which are individually linked by characteristic “‘intercalary cells” 
or “‘isthmi’’ o1 “separating cells” is, of course, the notable feature of 
both the species. A further common feature is the possession of short 
somewhat toruloid conidiophores. I consider that the systematic 
position of these two interesting fungi has to be re-considered on the 
basis of these features. I do not consider Septonema intercalare to be 
congeneric with S. secedens Corda (the type species of Septonema Corda) 
since S. secedens does n»< possess the intercalary cells which are so 
characteristic of S. intercalare (see Hughes, 1951 a, for an excellent 
description of S. secedens). Indeed, it was on the basis of the presence 
of sich intercalary cells that I classified my fungus on Cocos nucifera 
in the genus Polydesmus Mont. and not in Septonema. Its resemblance 
to Torula is superficial since 7. herbarum (Pe-s.) Link. ex Fr. (the type 
species) lacks the intercalary cells. As I pointed out in my satliek 
paper (Subramanian, 1954), Folydesmus is considered by some authors 
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to be synonymous with Alternaria, and I now think, especially in view 
of the occurrence ox a fungus similar to Polydesmus indicus in America 
on a number of different hosts, that the genus Polydesmus should not 
be used as a repository for any fungus until that genus is better known. 
I consider it necessary, therefore, to propose a new genus to accommo- 
date Polydesmus indicus and Septonema intercalare. The generic name 
proposed, viz., Bahusandhika, is derivea from Sanskrit: 4 (bahu) 
= many, and afar (sandhika) = joint, indicative of the many joints 
(intercalary or separating cells) which are characteristic of the furgi. 


Bahusandhika Subramanian gen. nov. 


Pertinet ad Fungos Imperfectos, ad Moniliales, Dematiacee, 
Phragmosporas, Conidiophori decun.bentes vel erecii, simplices vel 
ramosi, sepe -torulosi. Conidia brunnea, ter vel pluries cellulata, 
producta in catenulas acropetas, simplices vel furcaias, quarum alie 
ab aliis per isthmum aiscernuntur. Isthmi simplices, singulariter 
producti ex parte quavis cellularum apicalium vel aliarum uniuscuisque 
conidii vel sepe usque quaterni ex cellula apicali conidii, hoc vero 
originem dat catenis ramosis conidiorum. 


Fungus imperfectus, Moniliales, Dematiacee, Phragmospore. 
Conidiophores decumbent or erect, simple or branched, often torulose. 
Conidia brown, 3-many-celled, produced ‘in acropetal, simple or 
branched chains, connected with each othe: by an isthmus (= sepa- 
rating cell). Isthmi simple, produced singly from any part of apical 
or other cells of each conidium or ofter up to 4 from the apical cell 
of conidium, resulting in branched chains of conidia. 


Type species 
Bahusandhika indica (Subram.) Subramanian comb. nov, 


= Polydesmus indicus Subramanian, 1954, J. Indian bot. Soc., 
S55 IC, 


Type specimen; on dead spathe of Cocos nucifera L., Ernakulam, 
Travancore-Cochin State, 16-5—1953, coll. C. V. S., Herb. M.U.B.L. 963. 


Septonema intercalare is also placed in this genus as: 
Bahusandhika intercalare (Cash & Watson) Subramanian comb. noy. 


= Septonema intercalare Cash & Watson, 1955, Mycologia, 
47: 744. 


Specimens (not seen by me): on leaves, stems and pseudo- 
bulbs of Orchidacee: Cattleya bowringiana, Canal Zone 
(San Fransisco, California, 26493, Nov. 1949, 
A. S. Johnsor): Laelia sp. Venezuela (Brownsville, Texas, 
62939, Type, October 1946, R. A. Alexander); Odonto- 
glossum sp., Costa Rica (San Fransisco, 27438, Nov. 
1950, L. J. Lefebvre & F. M. Thompson); Oncidium 
sphacelatum, Mexico (El Paso, Texas, 51249, Aug. 1948, 
E. Smith). FOLENS 
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36. Septonema bombayense sp. nov. 


is fungus was collected on dead stems by me from Castle Rock, 
Beabae Sta during a visit in 1954. A description of the fungus 
follows: the colonies are dark brown in colour, effuse ard powdery. 
The conidiophores, which arise from repent hyphe, are closely crowded, 
repent, decumbent or sometimes erect, straight or curved, septate (septa 
4-2-16-8 apart), dark brown in colour, somewhat cylindrical, simple 
or branched, branches arising immediately below septa, constricted 


A 


x 


Fic. 12. Septonema bombayense from type specimen, Herb. M.U.B.L 1179. 
A, conidiophores ; B, chains of conidia; C, tips of conidial chains showing acropetal 
development of conidia; D, conidia. 


at the septa towards the apex and imperceptibly mei ging into the conidial 
chains which are acrogenous; the conidiophores are markedly verru- 
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cose especially towards the apex and are up to 140, long and 2-8— 
4-9 wide. The conidia are produced acrogenously on the conidio- 
phore and its branches, and form acropetal chains. The conidia break 
apart readily and are somewhat similar to those of Septonema secedens 
Corda in shape, being oval-oblong or oblong, usually a little wider at 
the upper end, often very slightly waisted in the middle, with a slightly 
raised flat scar about 2:1-2-8 » wide at either end, thick-walled. mostly 
l-septate, often 2-3-septate, not constricted at the septa, subhyaline 
to pale brown in colour, minutely verrucose, 14-21 4 long, and 2-8- 
5:0 wide. In microscopic preparations, conidial chaias composed 
of up to 13 conidia and up to 184, long have been ‘seen. 


The fungus is obviously congeneric with Septonema secedens Corda, 
as described in detail by Hughes (1951 a), despite the fact that the coni- 
dial chains aré composed largely of 1-septate, but less frequently of 
2-3-septate conidia. It is, however, specifically distinct since its conidia 
are shorter, thinner, and paler in colour than those of S. secedens. 
Further, the conidia in my fungus are verrucose whereas in S. secedens 
they are smooth. A comparison with descriptions of species of Septo- 
nema so far known indicated some resemblance to S. toruloides Berlese 
(1892), but Berlese’s figues of his fungus (Berlese, 1892, Plate X, 
Figs. 18-20) strongly suggest Torula herbarum (Pers.) Link ex Fr. 
I have not found a suitable name for my fungus in Septonema and I am, 
therefore, proposing a new name for it. 


Septonema bombayense Subramanian sp nov. 


Colonie fusce brunnez, effuse, pulverulente. Conidiophori 
emergentes ex hyphis repentibus, arcte aggregati, repentes, decumbentes 
vel nonnumquam erecti, recti vel curvi, plus minusve «que latitudinis 
ex basi ad apicem, septati (septis 4-2-16-8 » inter se distantibus), fusce 
brunnei, simplices vel ramosi, ramis sub ipsa septa insertis, constricti 
ad septa, verrucosi atque sensim sine sensu desinentes in catenulas 
conidiales ad apicem, usque ad 140, longi, 2-8-4-9y lati. Conidia 
producta acrogene in catenulas acropetas ad apices conidiophororum 
atque ramorum, sat faciliter decidentia in partes, ovato-oblonga vel 
oblonga, sepe tenuissime constricta ad medium, cicatrice paulum ele- 
vata 2-1-2-8y lata ad utrumque apicem ornata, crassis parietibus 
predita, ut plurimum semel septata, sepe bis vel ter septata, non con- 
stricta ad septa, subhyalina vel pallide brunnea, minute verrucosa, 
14-21x2-8-5-O. Catenule conidiales usque ad 184, longe. 


Typus lectus in ligno emortuo, ad Castle Rock, im Statu Bombay, 
die 29 mensis decembris anni 1954, a C. V. S. et positus in herbario. 
M.U.B.L. sub numero 1179. 


37. Dendrographium interseminatum sp. nov. 


The fungus was recently collected by me on dead twigs from 
Madras. . The colonies are composed of numerous synnemata, and 
are deep brown in colour. The synnemata are erect, straight or bent, 
conspicuous, separate or sometimes crowded and 350-730, tall. Each 
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synnema has a distinct, somewhat cylindrical dark stalk, a swollen 
base, and a capitate, expanded apical head composed of radiating free 
hyphe (conidiophores) bearing conidia. The stalk is composed of 
closely aggregated, simple, dark brown, septate, parallel hyphe 2-8- 
4-2 wide; it is of variable length, 35-140 wide at the base and 28- 
168 « wide immediately below the expanded apical crown of free conidio- 
hores. The capitate apical expanded part of the synnema is 98-196 u 
tall and 98-350 ». wide. The conidiophores are the free ends of the hyphe 
of the synnema, becoming lax and radiating above; they are brown, 
darker below, paler above, septate, with characteristic knee-like joints and 
prominent scars left by fallen conidia, simple or branched, the branches 
always arising at the joints, minutely verrucose and 4-2-7-0y wide. The 
conidia are acropleurogenous and confined to the knee-like joints, 
formed in short, easily seceding acropetal chains, dark, brown, some- 
what cylindrical-oblong with only a flat basal scar and a rounded apical 
portion or sometimes with flat scars at either end, thick-walled, ver- 
rucose, mostly 3-septate, 21-0-25-2, long and 5-6-7-0, wide. 


Fic. 13. Dendrographium interseminatum from type specimen, H M 
1474. A, synnemata; B, upper part of a synnema: C. conidia. 8 ee 


I have noticed variation in the nature of the synnemata: 

: the 
may be composed of closely compacted parallel scjalica or may antes 
umes simulate somewhat lax fascicles of parallel hyphe. Nevertheless 
as may be seen from the accompanying figure, the fungus is easily 
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recognised as one of the Stilbacee. The conidial chains are not per- 
sistent but easily fragment into single conidia, but I have no doubt 
that they are produced in chains. My fungus comes closest to the 
genus Dendrographium Massee (Grevillea, 21: 5, 1892) and since it 
appears to differ from species of this genus so far known, I am giving 
it a new name. The specific epithet interseminatum has been chosen 
mainly because the conidiophores and conidia of the fungus show a 
striking resemblance to those of Dendryphion interseminatum (Berk. & 
Rav.) Hughes. 


Dendrographium interseminatum Subramanian sp. nov. 


Synnemata erecta, recta vel curva, singula vel gregaria, 350-730 u 
alta, singula ornata stipite distincto et apice capitato, expanso, con- 
stanti ex hyphis liberis radiantibus (conidiophoris) quibus conidia in- 
sidunt. Stipes aliquantum cylindricus, tumescens atque 35-140, 
latus ad basim, constans ex hyphis arcte aggregatis, simplicibus, fusce 
brunneis, septatis, parallelis, 2-8-4-2 latis, 28-168 latus sub ipso 
apice fertili expanso. Pars apicalis dilatata synnematis 98-196 alta, 
98-350 lata. Conidiophori brunnei, septati, characteristice genicu- 
lati, et cicatricibus prominentibus ornati post abscissionem conidio- 
rum, simplices vel ramosi, ramis semper e nodis surgentibus, minute 
verrucosi, 4:2-7:Oyp lati. Conidia acropleurogena atque limitata ad 
nodos geniculatos, efformata in catenulas breves, acropetas secedentes, 
fusce brunnea, cylindrico-oblonga, rotundata ad apicem, plana cicartrice 
basali vel planis cicatricibus ad utrumque apicem ornata, crassis parie- 
tibus predita, ut plurimum ter septata, verrucosa, 21:0-25-25-6- 
HO. 


Typus lectus in virgulis emortuis quibusdam, in loco Matina Uni- 
versitati opposito, ad Chepauk, in urbe Madras, die 6 decembris anni 
1955aC. V. S. et positus in herbario M.U.B.L. sub numero 1474; lectus 


-etiam in culmis emortuis Clitorie ternatee L., in campo Laboratorii 


Botanici Universitatis, in urbe Madras, die 18 augusti anni 1955 a 
C. V. S. et positus in herbario M.U.B.L. sub numero 1319. 


38. Dwayamala prathilomaka gen. et sp. nov. 


The fungus is represented in Herb. M.U.B.L. by two collections, 
one from Madras and the other from the Nilgiris. The colonies are 
deep brown in colour and are composed of somewhat dense groups 
of conidiophores. The conidiophores arise laterally from cells of 


_repent hyphe which are subhyaline to brown, septate, branched and 


2-5 wide. They are brown in colour, erect, straight or bent or curved, 
cylindrical, widest and darkest at the base, becoming narrower and paler 
above, thick-walled below, thinner-walled above, septate [septa 14-4— 


68:4). apart, farther apart above than below], simple or branched, 


usually with conspicuous knee-like joints, verrucose towards the apex, 
ES conidia on sporogenous cells, 300-700 long, 8-4-11:2p 
wide at the base, up to 7p wide in the middle and 3-5-6:3 wide at 
the apex. The conidiophore branches, when present, are paler in colour 
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than the main stipe; they may arise from any part of the conidio- 
phore, but usually from immediately below septa, and largely confined 
to the upper two-thirds of the conidiophore. The branching is usually 
racemose, but not always so. The sporogenous cells are borne directly 


Fic. 14. Dwavamala prathilomaka: A. B conidioph idi 
. sj: . ‘ id 3 ores ; 
ee Si a ig Peau hypha with basal oon of conde ek E 
a ah : ’ tg 
men, Herb. MUL, vent rom Herb. M.U.B.L. 1421: B, C, from type speci- 


on the cells of the main Stipe and branches: the i 

; arise bel 
eal immediately below them, often elsewhere, “aitaty or a ite 
of more than one and up to several. They are concolorous with the 
main stipe or branches on which they are borne, or slightly paler. They 
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are usually simple, somewhat clavate or cylindrical, with flattened 
apices, 8-4-12-6u long and 4:2-6:3 wide. The apices of the main 
stipe of the conidiophore and of its branches always end in sporo- 
genous cells similar to those borne elsewhere on them; these terminal 
sporogenous cells are, however, longer, being up to 14-0 long, and 
are up to 4-2 wide. The conidia are produced in simple or branched 
chains from one or more points on the apical part of the sporogenous 
cells, and these points coincide with the scars left on the sporogenous 
cells after the conidial chains are shed. The mature conidia are pale 
to dark brown in colour, ovoid to elongate-ovoid with rounded or 
somewhat flattened ends, one-septate, thick-walled, finely verrucose, 
7-12 long and 3-5-5-64 wide. They are produced in acropetal, 
simple or branched chains, but usually mature from the apex down- 
wards in the chains, as in some species of Periconia (Mason & Ellis, 
1953; Subramanian, 1955 a). 


The most noteworthy features of the fungus just described are the 
possession of simple or branched macronematous conidiophores pro- 
ducing conidia on sporogenous cells borne laterally and terminally 
on the conidiophore and its branches, and the production of pheo- 
didymospores in simple or branched chains developing acropetally 
but maturing from the apex downwards. Indeed, it is very much like 
some species of Periconia, but differs from them in having didymo- 
spores. It obviously belongs to the Hyphomycetes-Dematiacee- 
Didymospore, but I know of no genus which combines the characteristics 
exhibited by my fungus. I, therefore, consider it necessary to establish 
a new genus for it. The generic and specific names are both derived 
from Sanskrit: the generic name Dwayamala from &4 (dwaya) = pair, 
in twos, and ATT (mala) = chain, indicative of the chains of 2-celled 
conidia; and the specific name prathilomaka from ‘faaray 
= inverted, contrary to the natural or prescribed order, suggestive of 
the maturation of the conidia in the conidial chains from the apex 
downwards in contrast to their development in an acropetal manner. 


Dwayamala Subramanian gen. nov. 


Pertinet ad Fungos Imperfectos, ad Moniliales, Dematiaceas et 
Didymosporas. Hyphe repentes brunnee, septate, ramose. Co- 
nidiophori erecti, sirmplices vel ramosi, septati, brunnei, producentes 
conidia e cellulis sporogenis. Cellule sporogene simplices, brunnee, 
lateraliter producte e cellulis conidiophororum atque ramorum, et ex 
eisdem etiam terminaliter. Conidia producta in catenulas acropetas, 
simplices vel ramoses ex una alterave parte ad apicem cellularum sporo- 
genarum, brunnea, semel septata, maturitatem attingentia ex apice 
deorsum in catenulis. 


Fungus imperfectus, Moniliales, Dematiacee, Didymospore. 
Repent hyphe brown, septate, branched. Conidiophores erect, simple 
or branched, septate, brown, producing conidia on sporogenous cells. 
Sporogenous cells simple, brown, produced laterally on cells of conidio- 
phore and branches, and terminally on them. Conidia produced in 
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simple or branched acropetal chains from one or more points on the 
apex of the sporogenous cells, brown, I-septate, maturing from apex 
downwards in the chains. 


Type species 
Dwayamala prathilomaka Subramanian sp. nov. 


Colonie brunnee, constantes ex aggregatione conidiophororum. 
Conidiophori lateraliter surgentes e cellulis hypharum repentium brunnei, 
erecti, recti vel curvi vel flexi, cylindrici, fusciores ad basim, pal- 
lidiores supra, septati (septis inter se 14-4-68-4 u distantibus), simplices 
vel ramosi, geniculati, verrucosi ad apicem, producentes conidia e 
cellulis sporogenis, 300-700 longi, 8-4-11-24 lati ad basim, usque 
ad 7p lati ad medium, 3-5-6-3 lati ad apicem. Conidiophororum 
rami ex parte quavis conidiophori surgunt, sed sepissime ex regione 
sub ipsis septis posita, racemosi. Cellule sporogene duplicis nature; 
laterales et terminales; laterales quidem insidentes cellulis stipitis 
principis vel ramorum, ex parte sub ipsis septis posita vel aliunde 
procedentes, singule vel aggregate, conidiophoro vel ramis concolore, 
vel hisce pallidiores, simplices, clavate vel cylindric, apicibus com- 
planatis, 8-4-12-6y longe, 4-2-6-3 u late; terminales vero lateralibus 
similes, usque ad 14-0 longe, 4:2 late. Conidia producta in cate- 
nulas simplices vel ramosas ex una alterave parte ad apicem cellularum 
sporogenarum; catenule evolvuntur acropete sed conidia maturitatem 
attingunt ex apice deorsum in catenulis. Conidia matura pallide vel 
fusce brunnea, ovoidea vel elongato-ovoidea, apicibus rotundatis vel 
aliquantum complanatis, semel septata, crassis parietibus predita, minute 
verrucosa, 7-12 longa, 3-5—-5-6 wu lata. 


Typus lectus in culmo emortuo quodam, in hortu Gubernii, in 
loco Ootacamund, in districtu Nilgiris, in Statu Madras, die 24 sep- 
tembris anni 1955 aC. V. S. et positus in herbario M.U.B.L. sub numero 
1620; lectus etiam in culmis emortuis Clitori@ ternatee Linn., in hortu 
Laboratorii Botanici Universitatis, in urbe Madras, die 10 novembris 
anni 1955 a C. V. S. et positus in herbario eodem sub numero 1421. 


39. Nalanthamala madreeya gen. et sp. nov. 


An interesting Tuberculariaceous fungus was recently collected 
from the University Botany Laboratory campus, Madras. It was found 
growing on dead stems. The sporodochia are somewhat button-like, 
scattered, separate, superficial, hemispherical to subglobose, sometimes 
shortly stipitate and pale white in colour. They are mostly 700-980 
in diameter and 420-700 tall. The sporodochia are composed of a 
conspicuous, somewhat hemispherical, pseudoparenchymatous tissue 
of variable size which is covered over by conidiophores and conidia. 
The pseudoparenchymatous tissue is massive and is composed of poly- 
gonal, thin-walled hyaline cells up to 28 wide. The conidiophores 
arise from the upper layers of the pseudoparenchymatous tissue. They 
are of variable length and are hyaline, septate, radiating, repeatedly 
and verticillately branched and 4-2-7-0p wide. Every conidiophore 
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branch terminates ultimately in one or more phialides. The phialides 
are elongate. widest at the base, narrowed towards the apex, simple, 
hyaline, 9-8-35-0y long, 4:2-8:4 wide at the base and 2:1-2-8, 
wide at the apex. The conidia are produced in simple basipetal chains 
at the tips of the phialides. They are elliptical-oval or lenticular, hya- 
line, I-celled, smooth and mostly 7-0X2°8y. 


500.0 


Fic. 15. Nalanthamala madreeya from type specimen, Herb. M.U.B.L. 1466. 
A, B, sporodochia ; C, conidiophores and phialides, with conidia ard conidial chairs; 
D, conidia. 


The fungus is easily placed in the Tuberculariacee-Mucedinee- 
Hyalospore. It comes closest to Riclaretia Peyronel (see Saccardo, 
1931, pp. 953-54) but differs from it in having conidiophores which are 
repeatedly and verticillately branched and in having conidia which are 
oblong and not bacillar. For the same reasons, it differs also from 
Cylindrocolla Bon. It resembles  Verticillodochium tubercularioides 
(Speg.) Speg. (the type species of the genus Verticillodochium Speg.) 


to some extent (Saccardo, 1931, p. 957), but in this fungus the conidia 
are produced singly and not in chains. I know of no genus in which 
it can be placed and I, therefore, propose a new one for it. The generic 


a name Nalanthamala is derived from Sanskrit: from 41% (nala) = tube, 
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tubular vessel, 4#t (antha) = end, and 4T#T (mala) = chain, indicative 
of a chain at the tip of a tube (phialide). 


Nalanthamala Subramanian gen. nov. 


Pertinet ad Fungos Imperfectos, ad Moniliales, Tuberculariaceas> 
Hyalosporas. Sporodochia superficialia, sessilia vel stipitata, sepa- 
rata, hemispherica vel subglobosa, alba, constantia e textibus pseudo- 
parenchymaticis, conspicuis, hemisphericis, hyalinis, quos operiunt 
conidiophori et conidia. Conidiophori surgentes e seriebus superio- 
ribus textuum pseudoparenchymaticorum, iterum iterumque ramosi, 
septati, hyalini, ramis, desinentibus in phialides. Phialides simplices, 
hyaline. Conidia producta acrogene, in catenulas simplices, basipetas, 
unicellulata, hyalina, elliptica vel ovalia vel lenticularia. 


Fungus imperfectus, Moniliales, Tuberculariacee, Hyalospore. 
Sporodochia superficial, sessile or stipitate, separate, hemispherical 
to subglobose, white, composed of a conspicuous, hemispherical, hyaline, 
pseudoparenchymatous mound of tissue covered over by conidiophores 
and conidia. Conidiophores arising from upper layers of pseudo- 
parenchymatous tissue, repeatedly branched, septate, hyaline, branches 
terminating in phialides. Phialides simple, hyaline. Conidia produced 
in acrogenous, simple, basipetal chains, l-celled, hyaline, elliptical or 
oval or lenticular. 


Type species 
Nalanthamala madreeya Subramanian sp. noy. 


Sporodochia dispersa, separata, superficialia, hemispherica vel 
subglobosa, sessilia vel nonnumquam breviter stipitata, pallide alba, 
420-700 alta, 700-980 1 diameter, constantia e textibus pseudoparen- 
chymaticis aliquantum hemisphericis, quos operiunt conidiophori et 
conidia. Textus pseudoparenchymatici constant e cellulis polygonalibus, 
tenui pariete preditis, hyalinis, usque ad 28, latis. Conidiophori 
emergunt e seriebus superioribus huius textus, longitudinis varie, hyalini, 
septati, radiantes, iterum atque iterum ramosi, 4-2-7-Oyp lati; rami 
tandem desinunt in phialides. Phialides simplices, hyaline, elongate, 
latissime ad basim, angustate ad apicem, 9-8-35-0 longer, 4:2-8:-4 
late ad basim, 2-1-2-8 late ad apicem. Conidia producta in cate- 
nulas simplices acrogenas basipetas ad apices phialidum, elliptico- 
ovata vel lenticularia, hyalina, unicellulata, levia, 7:02-8 pu. 


_ Typus lectus’ in culmis emortuis, in campo Laboratorii Botanici 
Universitatis, in urbe Madras, die 3 mensis decembris anni 1955, a 
K. Ramakrishnan, et positus in herbario M.U.B.L. sub numero 1466. 


_ 40. .Kutilakesa madreeya gen. et sp. nov. 


_.. rhis interesting Tuberculariaceous fungus’ was found growing 
on dead leaves of Sansevieria sp. in a shady moist place amongst litter 
in the ‘University Botany Laboratory campus, Madras. It forms sporo- 
dochia in prolific numbers on the substratum. The sporodochia are 


es 


A 
- 


HYPHOMYCETES—II 479 


discrete, superficial, button-like, mostly stipitate, sometimes. sessile, 
pale green in colour and setose. The stipe may be short or long, up to 
182 tall and up to 154 wide; it is composed of a compact group of 
hyphe which are hyaline. The sporodochial elements expand above 
the stipe into the fertile portion which is up to 420, in diameter and 
up to 280 in height. The sete arise from the base of the stipe as 
prolongations of some of the hyaline hyphe. They are erect, deep 
brown and straight below, paler above, characteristically circinate 
or coiled towards the upper half, almost hyaline towards the tip, cylindri- 
cal and of uniform thickness throughout except at the tip where it-is 
slightly wider and clavate, markedly verrucose in the upper two-thirds 
of its length, up to 6-septate, simple, thick-walled below and _thin- 
walled above. They are 108-144, long, 2-1-3-5y wide at the base 
and 4:9-6:3u wide at the tip. The conidia are produced at the tips 
of phialides which are developed as the ultimate branches or branch- 
lets of erect, hyaline, septate hyphe. The phialides are produced in 
pairs or in whorls of 3 or 4; they are long, simple, hyaline, slightly 
wider towards the base and tapering above, up to 17» long and usually 
2-1 but up to 2-8 wide at the base. The conidia are produced 
acrogenously and singly at the tips of the phialides; they are 1-celled, 
oval to elliptical, faintly mamillate at the base, hyaline, smooth, gut- 
tulate, 4-2-7-0 long and 2-8» wide. 


c. 16. Kutilakesa madreeya from type specimen, Herb. M.U.B.L. 1462. A, 
Se aiehia; B, conidiophores and sete; C, phialides; D, conidiai- — 
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The fungus is easily classified in the Tuberculariacee; the presence 
of dark brown sete suggests that its position in the Tuberculariacee 
would be under Dematiez, notwithstanding the hyaline conidiophores 
and conidia. Amongst the genera of the Tuberculariacee, it comes 
closest to the genus Periolopsis Maire (see Saccardo, 1931, p. 956) which 
was placed in the Tuberculariacee-Mucedinee by its author and by 
Clements & Shear (1931) and by Ainsworth & Bisby (1954). The type 
species, P. helicocheta Maire, was based on a collection on cladodes 
of Ruscus aculeatus from Greece. My fungus has a close similarity to 
P. helicochata in having setose sporodochia, and sete which are brown, 
circinate or coiled, and verrucose towards their tips. I have not seen 
a specimen, but P. helicocheta was described as having cylindrical 
conidia which are produced acropleurogenously. Whilst undue emphasis 
should not be laid on conidial shape alone for generic separation, 1 
think that the method of production of conidia is certainly of importance 
in delimiting genera. In my fungus the conidia are always produced 
only acrogenously and it cannot, therefore, be placed in Periolopsis. 
Accordingly, I am proposing a new genus-for it. The generic name, 
Kutilakesa, is derived from Sanskrit: pester (kutilakésa) = curly- 
ee suggestive of the circinate or curled sete characteristic of the 
ungus. . 


Kutilakesa Subramanian. gen. nov. 


Pertinet ad Fungos Imperfectos, ad Moniliales, Tuberculariaceas, 
Hyalospore. Sporodochia superficialia, sessilia vel stipitata, setosa. 
Sete simplices, brunnez, septate, circinnate vel tortuose supra. Coni- 
diophori simplices, hyalini, septati, desinentes in unam pluresve phia- 
lides. Conidia producta acrogene atque singulariter ad apices phialidum, 
unicellulata, hyalina. 


Fungus imperfectus, Moniliales, Tuberculariacee, Hyalospore. 
Sporodochia superficial, sessile or stipitate, setose. Sete simple, brown, 
septate, circinate or coiled above. Conidiophores simple, hyaline, 
septate, terminating in one or more phialides. Conidia produced 
acrogenously and singly at the tips of phialides, l-celled, hyaline. 


Type species 
Kutilakesa madreeya Subramanian sp. nov. 


Sporodochia discreta, superficialia, hemispherica vel subglobosa 
pallide viridia, setosa, nonnumquam sessilia, ut plurimum stipitata 
infra, expansa supra. Stipes brevis vel longus, usque ad 182 longus 
154 latus; portio dilatata usque ad 420 diameter, 280 alta. Sete 
erecte, simplices, fusce brunnee atque recte infra, pallidiores supra 
characteristice circinnate ad mediam superiorem partem, fere hyaline 
atque aliquantum clavate ad apicem, distincte verrucose preter inferio- 
rem trientem, usque sexies septate, 108-144. longe, 2-1-3-S late 
ad basim, 4:9-6:3 late ad apicem. Conidiophori simplices, hyalini 
septati, desinentes in unam pluresve phialides vel in verticillum ex 
cisdem constans. Phialides simplices, hyaline, latiores ad basim 
fastigate supra, usque ad 17 « longe, 2-1-2:8 » late ad basim. Conidia 
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producta acrogene atque singulariter ad apices phialidum, unicellulata, 
ovalia vel elliptica, minutissime mamillata ad basim, hyalina, levia, 
guttulata, 4-2-7-:02-8 py. 


__Typus lectus in foliis emortuis Sansevieri@ sp., in campo Labora- 
torii Botanici Universitatis, in urbe Madras, die 3 decembris anni 1955 
a K. Ramakrishnan et positus in herbario M.U.B.L. sub numero 1462. 


41. Acrostaphylus lignicola sp. nov. 


This fungus was collected from Madras recently and was found 
growing on moist dead wood. The colonies are brown, velutinous 
and effuse. The repent hyphe are dark brown, 3-4, wide, septate, 
intricately branched and form a complex network of mycelium on the 
substratum. The conidiophores are erect, straight or bent or curved, 
and arise laterally from cells of the repent hyphe; they are dark brown 
below, paler above, septate (septa 8-4-28-Oy apart) and copiously 
branched, the branches always arising from immediately below septa. 
The main stipe of the conidiophore is 140-200 long and 2:°8-4:9u 
wide; the branches are shorter, but almost of the same width. The 
conidia are produced singly on denticles on the flat or slightly rounded 


_ Fic. 17. Acrostaphylus lignicola from type specimen, Herb. M.U.B.L. 1485. 
A, conidiophore with conidia; B, mature conidia. we 


apex of sporogenous cells. The sporogenous cells have a characteristic 
shape being somewhat clavate and often curved, narrower at the locus. 
of origin than above, flat or rounded and bearing many denticles at 
the tip, simple, pale brown in colour and subhyaline at the tip. They 
are borne laterally and terminally on the main stipe of the conidiophore 
and its branches. The lateral sporogenous cells always arise from 
immediately below septa, sometimes singly, but more often in groups 
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é nd up to four from below a septum; they are 8-4— 
San mild a eetg wide. _The terminal sporogenous cells are 
usually longer and terminate the growth of the conidiophore; they 
are 14:0-17-2 long and 2:8 wide. The conidia are produced singly 
on denticles on the sporogenous cells, so as to form a head; they are 
deciduous, subhyaline to golden brown in colour, oval or elliptical 
with a basal apiculus indicating the point of attachment to the denticle, 
smooth, 6:3-7:0u long and 3-5-4:2y wide. 


From a study of literature, I find that the fungus just described 
shows a striking resemblance to conidial Daldinia concentrica as de- 
scribed and figured by several workers (Elliott, 1919; Brooks, 1913; 
Miller, 1930), although Elliott and Brooks stated that the conidia were 
hyaline. According to Miller (1930) the conidia have a greenish tint. 
Molliard (1904), in his well-known study of Daldinia concentrica, 
casually suggested Nodulisporium. (Botrytis) Tulasnei as a suitable name 
for the conidial stage. The genus Nodulisporium Preuss, as typified 
by N. album Preuss and N. ochraceum Preuss, is moniliaceous and, 
notwithstanding the otherwise striking resemblance to these two species, 
my fungus, which is distinctly Dematiaceous, has to be classified else- 
where. This applies also to the Dematiaceous moulds which were 
classified in Nodulisporium by Smith (1951, 1954). 


I consider that Nodulisporium-like Dematiaceous moulds may be 
suitably classified in the genus Acrostaphylus recently described by 
Arnaud (1953, p. 272), notwithstanding the very brief description which 
was given. This genus was described as: ‘Analogue a Trichosporium, 
mais extrémiti¢és conidiféres condens€es en une téte. Formes conidiennes 
de Xylariées.”” It is typified by A. hypoxyli Arnaud which was briefly 
described as: ‘‘Conidiophores ramifi¢s de 150-2001 de haut; conidies 
ovoides-piriformes de 34.” One can hardly picture what the fungus 
would be like from these scanty descriptions, but his figure (Arnaud, 
1953, Fig. 1 N) shows striking similarity to Nodulisporium and, further, 
he classified his genus in the Dematiacee. 


Accordingly, I propose to classify my fungus on dead wood in 
Acrostaphylus.* Comparison with some Nodulisporium-like Dematiaceous 
moulds which have received names indicates that my fungus is distinct. 
Hence, it is described here as a new species. 


Acrostaphylus lignicola Subramanian sp. nov. 


Colonie brunnee, velutine, effuse. Hyphe repentes fusce brun- 
nee, 3-4 late, septate, implicate ramose, efformantes mycelii reti- 
culum complexum super substratum. Conidiophori erecti, recti vel 


*The following Latin diagnosis for Acrostaphylus Arnaud will validate the 
genus: Pertinet ad Fungos Imperfectos, ad Moniliales, Dematiaceas, Amerosporas. 
Hyphe repentes brunnee, septate, ramosz. Conidiophori erecti, brunnei, ramosi, 
septati. Cellule sporogene simplices lateraliter vel terminaliter insidentes stipiti 
conidiophororum vel ramorum. Conidia producta singulariter insidentia denticulis 


cellularum sporogenarum, efformantia capitulum deciduum, subhyalinum ad 
brunneum, unicellulatum. 
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curvi vel flexi, surgentes lateraliter e cellulis hypharum repentium, fusce 
brunnei infra, pallidiores supra, septati (septis inter se 8-4-28-0p 
distantibus), ramosi, 140-200, longi, 2:8-4-9, lati. Ramuli emer- 
gentes ex parte sub ipsis septis posita, stipite vel ramo paterno breviores, 
fere eiusdem latitudinis. Cellule sporogene forma typica predite, 
aliquantum clavate, sepe curve, fastigate ad basim, pallide brunnez, 
simplices, plane vel rotundate atque plurimis denticulis ornate ad apicem 
subhyalinum, insidentes lateribus et apicibus stipitis principis conidio- 
phororum et ramorum; cellule sporogene laterales emergentes ex 
parte sub ipsis septis posita, singule vel bine, terne vel quaterne, 
8-4-9-8x2-8-4:2).;  terminales vero 14:0-17-:22-8. | Conidia 
singula denticulis cellularum sporogenarum insidentia, in capitulum 
coacta, decidua, subhyalina vel aureobrunnea, ovata vel elliptica, ad 
basim apiculata, levia, 6-2-7:03-5-4-2u. 


Typus lectus in ligno emortuo in loco Villiwakkam, in districtu 
Chingleput, in Statu Madras, die 9 decembris anni 1955 a K. Rama- 
krishnan et positus in herbario M.U.B.L. sub numero 1485. 


It’ is pertinent to consider here the systematic position of Demati- 
aceous Nodulisporium-like fungi which have received valid names. in 
literature. These include: Nodulisporium africanum Smith and 
N. thelenum (Sacc.) Smith (Smith, 1951); N. verrucosum (v. Beyma) Smith 
(Smith, 1954); Verticicladium pulvereum (Peck & Cint.) Sacc. (see 
Saccardo, 1884, p. 328); Verticicladium cheesmanii Crossland (see 
Saccardo, 1913, p. 1361-62) and Botrytis argillacea Cooke (see Saccardo, 
1884, p. 125). Of these, the first three are already in Nodulisporium, 
but are definitely Dematiaceous and are best classified in Acrostaphylus. 
Verticicladium pulvereum, Verticicladium cheesmanii and Botrytis argil- 
lacea are congeneric according to Hughes (1951 5). Indeed, Hughes 
suggested that these species and also the conidial states of Rosellinia 
aquila, R. thelena, R. buxi and Daldinia concentrica may be temporarily 
disposed in Nodulisporium. As I have already pointed out, Acrosta- 
phylus appears to be the Dematiaceous counterpart of Nodulisporium 
and therefore a suitable genus in which some of the previously described 
taxa may be more appropriately classified. Accordingly, 1 propose 
the following combinations :— 


(a) Acrostaphylus africanus (Smith) Subramanian comb. nov. 
= Nodulisporium africanum Smith, 1951, Trans. Brit. mycol. 
Soc., 34: 18, ic. On cellulose acetate film, . W... Africa. 
(b) Acrostaphylus thelenus (Sacc.) Subramanian comb. nov. ; 


= Stachylidium thelenum Sacc., 1877, Michelia, 1: 85; 
Saccardo, 1884, Sylloge Fungorum, 4: 331. On bark of 
Quercus sp., in association with Rosellinia thelena (Fr.) 
Rabenh., ‘cujus tatum conidicum sistit’, Italy. 


= Nodulisporium thelenum (Sacc.) Smith, 1951, Trans. Brits 
mycol. Soc., 34: 19. - . 
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(c) Acrostaphylus verrucosus (v. Beyma) Subramanian comb, nov. 
= Botrytis verrucosa v. Beyma, 1929, Verh. Akad. Wet., 
Amst. Afd. Natuurk. (Tw. Sect.), 26: 13, ic. On Coffea 
robusta, Sumatra. 
= Nodulisporium verrucosum (vy. Beyma) Smith, 1954, Trans. 
Brit. mycol. Soc., 37: 166. 


v. Beyma’s (1929) figure shows a few short conidial chains of two 
each, but this is probably a mistake ! 


(d) Acrostaphylus pulvereus (Peck & Clint.) Subramanian comb. nov. 


= Verticillium pulvereum Peck & Clint. apud Peck, 1876, 
Rept. of the Botanist, 30th Rept. of the State Museum, 
New York, 1876, p. 56. On dead wood, Alden, N. 
Amer. 

= Verticicladium pulvereum (Peck & Clint.) Sacc., 1884, Sy/- 
loge Fungorum, 4 : 328. 


I 


(e) Acrostaphylus cheesmanii (Crossland) Subramanian comb. nov. 


= Verticicladium cheesmanii Crossland, 1907, The Naturalist, 
p. 98, ic. On decorticated wood, Stainor Wood, Selby, 
Britain, Nov. 1906. 


(f) Acrostaphylus argillaceus (Cooke) Subramanian comb. nov. 


= Botrytis argillacea Cooke, 1875, Grevillea, 3: 183. On 
dead wood, Britain. 


42. Acrostaphylus hyperparasiticus sp. nov. 


This fungus occurred as a hyperparasite on Camptomeris crateve 
on Crateva religiosa collected from Guindy, Madras. The colonies 
are floccose, pale gray in colour and cover the spots occupied by the 
Camptomeris. The vegetative hyphe are pale olivaceous, septate, 
branched and 4-6, wide. The conidiophores are decumbent or erect 
and very long; they are straight or curved or bent, pale olivaceous 
to golden brown in colour, smooth, septate (septa up to 72, apart), 
septa farther apart in the lower part and closer in the upper part, race- 
mosely branched with primary and sometimes secondary branches, 
up to 1,400 long and 2-8-4-9, wide. The branches arise from 
immediately below septa and are shorter than the main stipe or the 
parent branch. The conidia are produced on sporogenous cells. The 
sporogenous cells have a characteristic shape, being widest towards 
the base, tapering above and terminating in a somewhat globose or 
flattened apex with many denticles; sometimes they are extremely 
Short and button-like. The sporogenous cells are concolorous with 
the branches on which they are borne. They may be terminal on the 
main stipe or branches of the conidiophore or may be produced singly 
and laterally on them immediately below septa, the terminal sporo- 
genous cells being usually longer than the lateral ones. They are 
8:°5-15-4 long, 2: 1-2-8 » wide below and 2:1-3-5 wide at the swollen 
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apex. The conidia are produced singly on the denticles of the sporo- 
genous cells. They are globose, subhyaline to pale olivaceous, apiculate 
at the base, smooth, and 4-2 (3-5-4-9) in diameter. 


i. 

Fic. 18. Acrostaphylus_hyperparasiticus from type specimen, Herb. M.U.B.L. 
1432. a conidiophores; B, vegetative hypha showing origin of conidiophores; 
C, conidia. 


This fungus has a superficial resemblance to species of the genus 
Hansfordia Hughes; but it is better classified in Acrostaphylus since the 
denticles bearing conidia are closely crowded at the subglobose tip of 
the sporogenous cell. It appears to differ from species of Acrostaphylus 
already discussed in this paper and is described as a new species. 


Acrostaphylus hyperparasiticus Subramanian sp. nov. 


Colonie flocculose, pallide grisee. Hyphe pallide olivacee, 
septate, ramose, 4-6 late. Conidiophori decumbentes vel erecti, 
recti vel curvi vel flexi, pallide olivacei ad aureo-brunneos, leves, septati 
(septis inter se usque ad 72, distantibus, longius in parie inferiore, 
brevius ia superiore), racemose furcati in ramos primarios et secundarios, 
usque ad 1400p longi, 2-8-4-9» lati. Ramuli emergentes e regione 
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Cellule sporogene forma typica predite, latis- 
sime ad basim, fastigate supra, desinentes in apicem globosum vel 
complanatum plurimis denticulis ornatum; sepe breves et fibuliformes ; 
concolore ramis conidiophororum, terminales atque etiam laterales 
et singule conidiophoris et ramis insidentes sub ipsis septis, 8-5-15-4% 
longe, 2:1-2-8 late infra, 2-1-3-5p late ad apicem tumescentem. 
Conidia producta singula denticulis cellularum sporogenarum insidentia, 
globosa, apiculata ad basim, subhyalina vel pallide olivacea, levia, 
4:2 (3:5-4:9)p» diameter. 

Typus lectus infectans Camptomeridem crateve Subram., que 
vicisim Cratevam religiosam Forst. inficiebat, in loco Guindy, Madras, 
die 19 novembris anni 1955 a C. V. S. et positus in herbario M.U.B.L. 
sub numero 1432. 


43. Hormiactella sacchari Johnston apud Johnston & Stevenson, 
1917, J. Dept. Agric. Porto Rico, 1: 224, ic.: Saccardo, 
1931, Sylloge Fungorum, 25: 803-804. 


Hormiactella sacchari was described as follows: “‘Soris parvis, 
nigris, sparsis, 1 mm. circ. diameter, ex hyphis sterilibus erectis et ferti- 
libus commixtis efformatis; sterilibus nigris, septatis plus v. minus 
erectis 500-900, long.; fertilibus brevioribus 200-300, altis, sparse 
ramosis, hinc inde ramulos v. conidiophoros lageniformes gerentibus; 
conidiis irregulariter catenulatis rugulosis, 6 diameter. Hab. in foliis 
emortuis Sacchari officinarum (Graminacee), frequens in Porto Rico, 
Amer. Centra’”’ (from Saccardo, 1931). 


sub ipsis septis posita. 


I suspected that this fungus may be a Lacellinopsis (Subramanian, 
1953 a) and the following specimens obtained from the National Fungus 
Collections, U.S.D.A., were examined: 


(i) on cane trash, Rio Piedras, P.R., coll. & det. J. R. Johnston, 
June 5, 1912, Herb. of John A. Stevenson no. 4351 (Herb. 
M.U.B.L. 1585); 


(ii) on cane leaves, Rio Piedras, P.R., Jan. 1914, coll. & det. 
J. A. Stevenson, Herb. John A. Stevenson no. 456 Jas. 
(Herb. M.U.B.L. 1586); 


(iii) on dead cane leaves, Annaco Valley, R. Pied, May 7, 1916, 
coll. & det. John A. Stevenson, Herb. J.A.S., no. 5350 
(Herb. M.U.B.L. 1587); 


(iv) on Saccharum officinarum, Miami, Florida, February 1920, 
coll. & det. J. A. Stevenson (Herb. M.U.B.L. 1588). 


Of these, (i) is probably the type (or at least authentic) and it has 
been collected and determined by the author of the species. My study 
of the specimens showed that they are all similar and the fungus is not 
congeneric with Hormiactella fusca (Preuss) Sacc.; on the other hand, 
the fungus Is atypical Lacellina. Indeed, in a note dated Jan. 3, 1953, 
credited to Mr. E..W. Mason accompanying specimens (i) and (iii), 
it is stated: ‘4351 and 5350, as Hormiactella sacchari, make a perfect 
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match with Thwaites’ 505 from Ceylon, which is now in the Spegazzinia 
essaarthra folder in R.B.G., Kew, and is the type of Lacellina gramini- 
colt (Berk. & Br.) Petch (Ann. R.B.G. Peradeniya, 9, 2. p. 171). 
We are already using Mr. Petch’s name for four African collections 
(E. W. Mason).” 


Hormiactella sacchari, then, is a synonym of Lacellina graminicola, 
fide Mason. ; 


44. Arthrobotryum velutinum Butler apud Chona & Munyjal, 1955 
(issued May 1956), Indian Phytopath., 8 : 194. 


In publishing this name and the diagnosis credited to Butler, 
Chona & Munjal (1955, p. 194) added: ‘“‘This species has not been 
effectively published by Sir Edwin, though the name occurs in the 
printed list of Mycological specimens at the Agri. Res. Inst., Pusa, 
May 1921 (published 1922)”; they did not, however, add anything to 
the description of the fungus either based on Butler’s material [‘‘in 
pagina superiore foliorum Thysanolene acarifere Nees (= T. procera 
Mez.), Dehra Dun, legit Inayat Khan, Oct. 24, 1903”’] or the two other 
collections cited by them, viz., one from Assam and the other from 
Coonoor, Nilgiris District, Madras State. 


From Butler’s diagnosis it would appear that the fungus is the same 
as Arthrobotryum coonoorense Subramanian (Subramanian, 1955 b)— 
a name which was effectively published in December 1955 and ante- 
dates A. velutinum Butler apud Chona & Munjal which was effectively 
published only in May 1956. A. velutinum Butler is a synonym of 
A. coonoorense Subramanian. 


45. Helicosporium guianensis Linder, 1929, Ann. Mo. bot. Gdn., 
16 : 280-81, ic. 


A collection of this fungus was made in November 1955 on dead 
moist wood at Madras. The colonies are pale to yellowish green in 
colour and effuse. The conidiophores are of two types: the macro- 
conidiophores and the micro-conidiophores. The macro-conidio- 
phores are crowded, arising laterally or terminally from cells of repent 
hyphe, erect, straight or bent or curved, simple, stiff and rigid, dark 
brown below, paler above, often subhyaline towards the tip, thick- 
walled, many-septate (septa 4:2-9-8 apart below, 9:8-15-4y apart 
above), sterile at the apex, and producing conidia on short subhyaline 
sterigma-like outgrowths laterally on any part of the conidiophore, 
but more often on the lower part. The macro-conidiophores are up to, 
210 » long, with a swollen basal cell 6-0-7-4 tall and 5 -6-9 8 » wide, 
4-2-6-0, wide immediately above the swollen basal cell, 4:2-5-6p 
wide in the middle and.2-8-4-2 1 wide towards the apex. The micro- © 
conidiophores ate short, simple, subhyaline, erect, straight or bent, 
sometimes septate, and with conidia produced acropleurogenously on 
pegs on them; they are up to 28 long and 2-8-4-2p wide. On the © 
macro-conidiophores the conidia are produced on bladder-like, hyaline . 
pleurogenous outgrowths borne on cells of the conidiophore; these 
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s are widest at the base being up to 4:2 wide, narrower 
ne 2-8 wide at the tip and 7-0-16-8 » long. They are some- 
times l-septate. but mostly non-septate. Each outgrowth may sehen 
one or more conidia on short pegs borne acrogenously or pleurogenously 
on them. The conidia are hyaline to subhyaline, typically coiled, fili- 
form and of uniform thickness, thin-walled, 5—7-septate, 1-5 thick, 
and the diameter of the coil is 18:2-29-4y. 
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Fic. 19. Helicosporium guianensis from Herb. M.U.B.L. 1426. A, conidio- 
phores; B, conidia. 


In Herb. M.U.B.L, the following three collections come nearest to 
Helicosporium guianensis, although the macro-conidiophores are shorter 
in the three M.U.B.L. collections : on dead moist wood, University Botany 
Laboratory campus, Madras, coll. C. V. S., 11-11-1955 (M.U.B.L. 1426); 
23-12-1955 (MUBL 1501); on dead pod of Cesalpinia pulcherrima 
Sw., University Botany Laboratory campus, Madras, 22-12-1955, 
coll. K. Ramakrishnan (M.U.B.L. 1500). 


This is the first record of this fungus from India. 


46. Sporidesmium hormiscioides Corda, 1838, Icon. Fung., 2: 6, 
Fig. 26; Saccardo, 1884, Sylloge Fungorum, 4: 383 
as Clasterosporium hormiscioides (Corda) Sacc. 


The fungus forms dark brown, velutinous, effuse colonies on deda 
stems of Quisqualis malabarica. The conidiophores arise from repent 
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hyphe and are erect, straight or bent, short, dark brown in colour, 
thick-walled, 3—6-septate, cylindrical, sometimes constricted at septa, 
32-3-54:44 long, 5:9-8:5 wide at the base and 3-4-5-ly wide 
at the tip. The conidia are produced acrogenously and singly at the 
tips of the conidiophores. Successive production of conidia may take 
place by continued growth of conidiophore by proliferation through scar 
of fallen conidium. The mature conidia are long-obclavate, widest 
immediately above the base, with a distinct flat scar 3-4-5-1p wide 
at the base, straight or more often curved or bent, many- (up to 30-) 
septate, constricted at some septa, thick-walled, brown in colour except 
at the tip which may be paler in colour and sometimes subhyaline, 
with smoothly rounded tip, and smooth; they are 46-294. long, 
10-2-15-3. wide where they are widest, and 4-3-6-8 wide at the 
tip. 


G00 0000) 


mogoj0000N 


20. Sporidesmium hormiscioides : conidiophores, development of conidia, 
and Sane conta: A, from Herb. M.U.B.L. 896; B, from Herb. M.U.B.L. 164. 


In Herb. M.U.B.L., the following collections have been assigned to 
this species: on dead stem of Quisqualis malabarica, Bedd., University 
Botany Laboratory campus, coll. C. V. S., 30-3-1951 (M.U.B.L. 164); 
11-10-1953 (M.U.B.L. 896). 


This is the first record of this fungus from India. 
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47. Virgaria nigra Nees, 1817, Syst., 22 14 (ex Sacc., 1884 2), 
Saccardo, 1884, Sylloge Fungorum, 4 281; Hughes, S. J., 
1953, Canad. J. Bot., 31: 62, Fig. 30. 


Fic. 21. Conidiophores and conidia of Virgaria nigra from Herb. M.U.B.L. 
729. 


The colonies are olivaceous to brown and effuse. The repent 
hyphe are brown, intricately branched and 1-5-3-:0, wide. The 
conidiophores arise laterally from cells of repent hyphe. They are 
erect or decumbent, straight or bent, septate (septa 8-12, apart), 
simple, or producing 1-4 lateral branches usually arising singly 
immediately below septa, dark brown below, paler above, often wavy, 
smooth, 1-5-2-O0y wide at the base and above, up to 100, long and 
fertile towards the apex of the main conidiophore and its branches. 
The fertile part is as wide as the rest of the conidiophore or slightly 
wider. subhyaline, thin-walled, with many prominent scars left over 
after detachment of conidia which are produced acrogenously and 
successively, and 5-21, long. The conidia are. small, dark brown, 
characteristically lozenge-shaped, somewhat resembling those of Pseudo- 
camptoum fasciculatum (Cke. & Mass.) Mason, I-celled, smooth, api- 
culate at the base, produced singly and acrogenously at the tips of 
conidiophores and branches, 4:9-5-6, long and 2-8-3-5u wide. 


Only one collection has been made: on dead stem, Thanthipandal, 
Kambakkam Hills, Chingleput District, Madras State, 3-2-1953, coll. 
C. V. S., Herb. M.U.B.L. 729. 


This would appear to be the first record of this fungus from India. 
SUMMARY 


This is a systematic and taxonomic paper dealing with some hypho- 
mycetes, the majority of which are from this country. The new taxa 
proposed in this paper and the taxonomic revisions and notes made are 
summarised below. Names of new taxa and new combinations are 
in Roman. 
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Acrostaphylus hyperparasiticus sp. nov. 

A. lignicola sp. nov. 

Acrothecium falcatum Tehon = Curvularia senegalensis (Speg.) Subram. 
Arthrobotryum velutinum Butler = Arthrobotryum coonoorense Subram. 


BAHUSANDHIKA gen. nov., Dematiacee, Phragmospore (see Polydesmus indicus 
and Septonema intercalare) 


Botrytis argillacea Cke. = Acrostaphylus argillaceus (Cke.) Subram. 

B. verrucosa vy. Beyma = Acrostaphylus verrucosus (v. Beyma) Subram. 
Brachysporium senegalense Speg. = Curvularia senegalensis (Speg.) Subram. 
Cladosporium buteacolum Cke. = ? Cladosporium herbarum Link ex Fr. 

C. congestum Berk. = Helminthosporium scopeforme (Berk.) Subram. 

C. delicatulum Cke. = ? Cladosporium herbarum Link. ex Fr. 

C. scopeforme Berk. = Helminthosporium scopeforme (Berk.) Subram. 
Cladotrichum glenosporoides Sacc. is based on a Microthyriaceous fungus. 
Curvularia falcata (Tehon) Boedijn = Curvularia senegalensis (Speg.) Subram. 
Dendrographium interseminatum sp. nov. 

DWAYAMALA gen. noy. (Dematiacee, Didymospore). 

D. prathilomaka sp. nov. 

Glenospora didyma Cke. is based on a Microthyriaceous fungus. 
Gliacladium compactum Cke. & Massee is based on an ascomycete (fide Petch). 
Helminthosporium bambuse Cke. = Exosporium bambuse (Cke.) Subram. 
H. cantonense Sacc. = Sporidesmium cantonense (Sacc.) Subram. 

H. longirostratum sp. nov. 

H. obclavatum Massee = Helminthosporium siwalikum nom. nov. 

H. sigmoideum Cavara = Vakrabeeja sigmoidea (Cavara) Subram. 

H. stahlii Stevens = Cercospora stahlii (Stevens) Subram. 


Hormiactella sacchari Johnston = Lacellina graminicola (Berk. & Br.) Petch (fide 
Mason). 


KUTILAKESA gen. nov. (Tuberculariaceex, Hyalospore) 

K. madreeya sp. nov. 

NALANTHAMALA gen. noy. (Tuberculariacee, Hyalospore) 

N. madreeya sp. nov. 

Nodulisporium africarum Smith = Acrostaphylus africanus (Smith) Subram. 

N. thelenum (Sacc.) Smith = Acrostaphylus thelenus (Sacc.) Subram. 

N. verrucosum (v. Beyma) Smith = Acrostaphylus verrucosus (v. Beyma) Subram. 
Polydesmus indicus Subram. = Bahusandhika indica (Subram.) Subram. 
Rhinocladium corticolum Massee = Peziotrichum. corticolum (Mass.) Subram. 
Septonema bombayense sp. nov. | 

S. intercalare Cash & Watson = Bahusandhika intercalare (Cash & Watson) Subram. 
Stachylidium thelenum Sacc. = Acrostaphylus- thelenus (Sacc.) Subram. 
Trichosporium aterrimum Massee = Pheoscopulariopsis aterrima (Massee) Subram. 
T. masseei Sacc. = Pheoscopulariopsis aterrima (Massee) Subram. 
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VAKRABEEJA gen. nov. (Dematiacee, Phragmospore); see Helminthosporium 
sigmoideum. 

Verticicladium cheesmanii Crossland = Acrostaphylus cheesmanii (Crossland) Subram. 

V. pulvereum (P. & C.) Sacc. = Acrestaphylus pulvereus (P. & C.) Subram. 

Verticillium pulvereum P. & C.=Acrostaphylus pulvereus (P.& C.) Subram. 
Helicosporium guianensis Linder, Helminthosporium rostratum Drechsler, Spori- 

desmium hormiscioides Corda and Virgaria nigra Nees are recorded from India for 

the first time. 
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ADDENDUM 


Since this paper went to press Kandaswamy and Sundaram 
(Indian Phytopath., 9: 76, 1956) have described a new species of Podo- 
sporium, P. thysanolene on living leaves of Thysanolena agrostis from 
Coonoor, Nilgiris. Their description and figures clearly indicate that 
the fungus is an Arthrobotryum and is identical with A. coonoorense 
Subram. These observations may be read along with the discussion 
on A, velutinum Butler appearing on p. 487 of this paper. 


PLANT ECOLOGY OF BIKANER AND ITS 
ADJACENT AREAS IN COMPARISON WITH 
THE REST OF WESTERN RAJASTHAN 


By M. C. JOsHI 
Department of Botany, Birla College of Science, Pilani (Rajasthan) 
(Received for publication on December 6, 1955) 


WESTERN RAJASTHAN comprises a greater part of the Indian desert. 
The divisions of Jodhpur, Jaisalmer and Bikaner are included in this 
region. Its vegetation, especially of the western region, had received 
attention of several earlier workers. Blatter and Hallberg (1918-21) 
described the vegetation and the ecological formations in Jodhpur 
and Jaisalmer regions. Macadam described the trees of Jodhpur and 
its neighbourhood in an undated publication. In recent years Sarup 
and his colleagues (1951-54) have described the vegetation of Jodhpur 
and compared the biological spectrum of the area with the African 
and Egyptian deserts. Sankhala (1951) and Sarup (1951) published 
a list of plants growing in Western Rajasthan. 


In a recent publication on the Rajasthan desert by the National 
Institute of Sciences of India, several authors have contributed on the 
ecology and vegetation of Western Rajasthan. Puri (1952) has briefly 
summarized the present position of plant ecology of the Rajasthan 
desert. He has described five main plant formations in this area, 
viz., aquatic, sand, gravel, rock and ruderal. The above classification 
is mainly based upon the work of Blatter and Hallberg (1918-21). 
Agharkar (1952) has also recognised the same formations, and regards 
the flora of Rajasthan as a mixture of the western, the eastern and the 
general elements. Biswas (1952) has shown that very little work has 
been done with regard to the desert vegetation of this country. How- 
ever, these papers do not actually tell us about the plant ecology of 
the different areas in Rajasthan, but include only a general survey on 
the basis of previous work. 

Sarup (1952) has given a good account of the plant ecology of 
Jodhpur and its neighbourhood, situated in the North-Western Rajasthan. 
The area is regarded as arid and he distinguishes plants of two types— 
i.e., those that depend upon rain; and those that depend upon 
subterranean water. The former are mostly annuals while the latter 
are perennials. Sarup and Vyas (1953—unpublished) have studied the 
ecology of the vegetation in the suburbs of Jodhpur including the Luni 
river bed. Plant associations growing on different substrata such as 
rocks, sandy plains, saline river bed and cultivated areas have been 
studied and their successional stages have been outlined. Sarup and 
Dutta (1954—unpublished) have studied the vegetation in some parts 
of Jodhpur division in relation to the soil conditions and have shown 
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that the type of plant community can be correlated with the soil condi- 
tions, 
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eer Lhe foregoing account shows that the vegetation of Bikaner divi- 
sion comprising one-third of the Western Rajasthan remains neglected. 
The present paper, therefore, gives an ecological survey of the vegeta- 
tion of Bikaner and its neighbourhood. It is interesting to follow the 
vegetation along the Bikaner State Railway between Loharu and Bikaner 
for regional zonation in the Bikaner division. | A detailed investigation 
is being pursued. 


SITUATION AND TOPOGRAPHY 


Bikaner division occupies almost the north-west of Rajasthan 
between longitudes 72:5° and 755° E. and latitudes 27-5° and 30:0° N. 
Towards the north, north-east and north-west are situated the States 
of East Punjab and West Punjab respectively: Jodhpur and Jaisalmer 
are the boundary divisions towards the south and south-west. Thus, 
except for a few fertile tracts towards the south-east and north-east 
the whole of Bikaner division is surrounded by arid zones of Rajasthan 
and West Punjab. A large part of the area in the region consists mostly 
of sandy plains and dunes at an elevation of 61 to 305 metres above 
sea-level. There are extensive areas covered by sand dunes of varying 
heights. Only two natural rivers drain the area. A few hillocks may 
also be seen. ; a3 


The following localities have been investigated during the course 
of the present study: Rajgarh, Churu, Ashru, Daipalsar, Ratangarh, 
Rajaldesar, Bigga, Shri Dungargarh, Sudsar, Belasar, Napasar and 
Bikaner proper with its neighbourhood. In, the last-mentioned area 
a number of places in several directions of Bikaner proper are studied. 
These include Vallabh Garden, Hindumal Road area in the east; open 
sandy plains of west, Lallgarh Palace area in the north and Udramsar, 
Binasahar, Gangasahar villages in the south. In addition, the vegeta- 
tion of Nal and Kodambdesar on way to Gajner, Gajner Palace, its lake 
and its hillside regions, were also studied.’ This area is situated towards 
the south-west of Bikaner at a distance of 30:5 kilometers (See Map). 


CLIMATE 


The climate of the area is typical of the dry hot desert. The summer 
temperatures are high and the annual rainfall is low. This leads evapora- 
tion to exceed precipitation. As a consequence there is little moisture 
in the soil to support much vegetation. The available data (Table I) 
for the maximum and minimum temperatures and rainfall for the period 
1951-55 clearly show the above fact. - —_ 


The annual rainfall within the area doe not exceed 352 mm. and 
the maximum amount of rainfall is distributed in the months of June 
to August when the maximum temperatures are also high. Thus, the 


rain-water made available to the scanty vegetation results in excessive 
transpiration which adversely affects the growth. 


There is considerable variation between the maximum and minimum 
temperature in different months of the year, which again results in 
the retardation of the development of the plant species growing in the 
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TABLE I 


Monthly average records for rainfall and temperature of Bikaner (from 1951 to 1955) 


in 


Temperature 


Degrees C, 


| and rainfall 
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Locality | Year 
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area. The seasonal variations during the year are of extreme nature. 
The rainy months. are followed by. a severe winter with very little rain- 
fall. Thus, the winter season which extends up to the end of February 
is dry and cold. It is most unfavourable for the growth of any vegeta- 
tion. The spring starts early in March and the little vegetation that 


comes up during this part of the year is soon subjected to dry hot 
months from April to July. 


The wind velocity in the dry hot months is considerably high result- 
ing in desiccation of the atmosphere and also in blowing sand from 
place to place. The climate thus prevailing in the area is of an arid 
nature and does not suit the growth and development of vegetation. 
Hence the vegetation remains very open throughout the year. 


SOIL 


A survey of the nature of the soil as given in Table II shows :— 
1. The soils are sandy and brown to black in colour. 


2. In the lake area, the soil is fairly rich in silt and is black in 
colour. 


3. On the hillocks in Gajner the soil is gritty. The colour ranges 
from black to brown and red. These are probably red 
sandstone hills. 


4. The other characteristics of the soil show a pH value ranging 
from 7:0 to 8-5, though occasionally in the north and 
western directions it may be as low as 6-0. The same 
feature is noted in some parts of Gajner. Except in the 
north. and west of Bikaner proper the soil samples from 
other directions and also of Gajner area, are fairly rich in 
carbonates at different depths. In this respect the soils 
of this area differ from those in the sandy plains of Shekhawati 
area. This is probably due to the afforestation .scheme 
sponsored by the Bikaner Government, when it “was an 
independent State. 


There is little base deficiency in the soils. The nitrate content 
generally increases from the surface to the deeper ‘layers in the sandy 
areas. The same feature was noted in the lake soils of Gajner. The 
Gajner rock soil was, however, deficient in nitrates. 


Biotic FACTORS 


The biotic factors are mostly similar to those of Shekhawati area 
in Eastern Rajasthan. In the sandy plains and the hill areas the grazing 
animals, rodents and other mammals such as rabbits, deer, etc., play 
a considerable role in disturbing the natural development of the vegeta- 
tion. In the rural areas man disturbs natural plant growth but grows 
some useful trees. The thorny bushes including the ground vegetation 
are often scraped for fuel. The pathogenic fungi which attack the 


herbaceous vegetation in their growing season include species of Cystopus 
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on Barhaavia, Amarantus, smuts on grasses, and several rusts on species 
of Sida and cultivated plants. The downy mildews are also prevalent 
on crop plants like Bajra (Pennisetum typhoideum). The insect pests 
include termites, locusts and caterpillars which again cause considerable 
damage to the developing vegetation. 


VEGETATION 


In the Rajgarh area the vegetation is dominated by Gymnosporia 
montana while Calligonum polygonoides is abundant and Prosopis spici- 
gera and Aerua tomentosa are common. In the Churu-Ashtu area 
the most dominant tree species is Prosopis spicigera while Leptadenia 
spartium forms a dominant shrub association along with Calligonum 
polygonoides and Crotalaria burhia. Species of Tephrosia are abundant 
throughout this area. In Daipalsar-Churu area there are dominant 
associations of Tephrosia purpurea while Prosopis spicigera constitutes 
the common tree species. 


In Ratangarh area Prosopis spicigera is a dominant tree. Along 
the railway track Calotropis procera is seen growing; it forms dominant 
associations with Aerua tomentosa. In this area Zizyphus is also quite 
frequent while Capparis decidua is totally absent. In Rajaldesar-Bigga 
area the vegetation consists of a scrub jungle of Prosopis spicigera, 
Calligonum polygonoides and Zizyphus rotundifolia. The sand dunes 
in this area are inhabited by bushes of Calligonum and Aerua tomentosa. 
Tephrosia purpurea is abundant along the railway track. Calotropis 
is totally absent in this region and along with the shrubby plants, species 
of Sida and Cenchrus are common. The Shri Dungargarh area is 
characterized by Calligonum polygonoides mixed with Prosopis spicigera. 
Zizyphus rotundifolia and Calotropis procera are also common. Aerua 
tomentosa grows frequently on the slopes of sand dunes and in ditches 
in this area. 


In Sudsar area Calligonum is dominant while Prosopis and Zizyphus 
form rare associations. Mixed with Calligonum bushes there are asso- 
ciations of Calotropis procera at several places and Aerua tomentosa 
grows over the slopes of the sand dunes. 


In Belasar area also Calligonum forms the dominant species. Zizy- 
phus is rather common in this region while Aerua is abundant. Prosopis 
is rare. 


In the Napasar area the dominant constituent plants are Calligonum 
and Prosopis in different belts. 


Towards Bikaner proper, Zizyphus rotundifolia forms the dominant 
species while Calligonum is confined to small areas along the railway 
line. Prosopis spicigera which is rare in the previous area again be- 
Sc eet Se a be. we approach towards Bikaner. About 6:5 kilometres 
rom Bikaner there are extensive savannah formations of 7Zj 
rotundifolia. ete 
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In Bikaner proper towards the east on the way to Vallabh Gardens 
Zizyphus rotundifolia and Aerua tomentosa are the dominant species 
in the plains, while Prosopis is common. On the sand dunes in this 
area, there are associations of Aerua and Crotalaria burhia, while Cap- 
paris decidua occurs as a rare species. In the Vallabh Garden area 
there are characteristic associations of Prosopis and Tecoma undulata. 
A number of ground species also grow in this area along with Mollugo 
cerviana and Convolyulus species. There are a number of cultivated 
species in this area which include Melia, Dodonaea and others. Gymno- 
“sporia montana is characteristic of this region. 


The Hindumal Road area in the east is all sandy and the vegetation 
is very scanty. This area is characterized by Aerua tomentosa and 
Crotalaria burhia associations. Euphorbia clarkeana is also growing 
in dominant associations with Crotalaria and Aerua. Amongst the 
tree species Prosopis is rare and Zizyphus abundant. Calotropis procera 
is the common shrub species. 


Towards west of Bikaner proper are present open sandy plains 
which constitute the grazing areas for cattle. This area is characterized 
by associations of Aerua tomentosa and Leptadenia spartium along 
with Euphorbia clarkeana and a number of grasses. Isolated trees of 
Prosopis spicigera occur here and there. Capparis decidua and Gymno- 
sporia montana are completely absent from this region. 


The Lallgarh Palace area in the north consists of sandy plains 
characterized by scrub jungle of Capparis decidua and Zizyphus rotundi- 
folia. In the outskirts of the palace Zizyphus constitutes the dominant 
species at certain places while Capparis decidua at other places. Other 
plants available with the dominant species include Leptadenia spartium, 
Crotalaria burhia, Euphorbia clarkeana, Boerhaavia diffusa, Polygala 
erioptera and a number of Gramineae. Monsonia heliotropioides and 
Fagonia cretica are also common in this area. Along the roadsides 
and ditches there is another interesting association of Peganum harmala 
along with Crotalaria burhia and Aerua tomentosa. 


Towards the south of Bikaner the area is sandy with several sand 
dunes and a number of villages have been visited in this direction. The 
village Udramsar is characterized by Prosopis spicigera as the dominant 
tree species. The ground vegetation was rather sparse and is repre- 
sented by Crotalaria burhia and Leptadenia spartium. Within the 
village proper are bushes of Zizyphus rotundifolia and association of 
Aerua tomentosa and Crotalaria burhia. Calotropis procera also occurs 


frequently in the village area. 


Binasahar and Gangasahar villages in the same direction are 
characterized by dominant associations of Capparis decidua and Zizyphus 
rotundifolia along with Calotropis procera. There are some temporary 


ponds in these villages along the banks of which grows the dominant 
association of Salvadora persica and Zizyphus rotundifolia. 


The Gajner area situated at a distance of 30-5 km. from Bikaner 
in the south-west direction was also visited. This area shows typical 
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savannah formation of Zizyphus while Capparia decidua also forms 
extensive savannah at some places. In Gajner proper Capparis is 
absent while there are extensive areas covered by the Australian Acacia 
introduced in this area. 


In cultivated gardens of Gajner a number of introduced plants 
are seen growing along with Zizyphus, Ficus and Melia. This area is 
devoid of any characteristic species of the sandy plains except for occa- 
sional growth of Aerua tomentosa at isolated places. This area is 
entirely rocky with a vegetation only on one side. On the banks of 
the lake when water recedes certain species of Ficoidee grow abundantly. 


On the way to Gajner two villages Nal and Kodambdesar were 
also studied. In the Nal village there are characteristic associations 
of Aerua tomentosa and Leptadenia spartium while Capparis, Zizyphus 
and Prosopis have different frequencies at different zones. Calotropis 
procera is also common in the area. At Kodambdesar village there is 
extensive savannah of Zizyphus. Capparis decidua is also present at 
certain places. 


PLANT ASSOCIATIONS 


In the course of the present investigation the following plant 
associations have been recognised :— 


I. Gymnosporia-Calligonum Association 


1. Gymnosporia montana, Benth 

2. Calligonum polygonoides, Linn. 
3. Prosopis spicigera, Linn. 

4. Aerua tomentosa, Forsk. 

5. Tephrosia purpurea, Pers. 

6. Blepharis indica, Stocks. 

7.  Anticharis linearis, Hochst. 

8. Eragrostis ciliaris, Link. 

9. Cenchrus ciliaris, Beau. Linn. 
10. Cenchrus biflorus, Roxb. 
11. Aristida hystricula, Edgew. 
12. Dactyloctenium egyptiacum, Willd. 


aoanagnanagangang & 


Il. Prosopis-Calligonum Association 


Prosopis spicigera, L. 
Calligonum polygonoides, L. 
Leptadenia spartium, Wight. 
Tephrosia purpurea, Pers. 
Abutilon indicum, G. Don. 
Sida rhombifolia, L. 

Corchorus tridens, L. 
Corchorus antichorus, Reeusch. 
Tribulus terrestris, L. 

Fagonia arabica, L. 

Fagonia cretica, L. 

Monsonia heliotropioides, Cav. 
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13. 
14. 


Boerhaavia repens, L. 
Aerua tomentosa, Forsk. 


Il. Prosopis-Zizyphus Association 


Prosopis spicigera, L. 
Zizyphus rotundifolia, Lamk. 
Calotropis procera, Br. 

Aerua tomentosa, Forsk. 
Boerhaavia diffusa, L. 

Gisekia pharnaceoides, L. 
Trianthema pentandra, L. 
Chenopodium album, L. 
Euphorbia hirta, L. 

Euphorbia thymifolia, Burm. 
Corchorus acutangulus, Lamk. 
Sida grewioides, Guill & Perr. 
Oldenlandia aspera, DC. 
Leucas urticefolia, Br. 
Sporobolus coromandelianus, Kunt 
Andropogon javanicus, Steud. 
Aristida adscenscionis, L. 
Cenchrus biflorus, Roxb. 
Eleusine indica, Gertn. 
Eleusine flagellifera, Nees. 
Eragrostis tenella, R. &S. 


1V. Prosopis-Capparis Association 


1. 


OHI DAS WN 


Prosopis spicigera, L. 
Capparis decidua, Pax. 
Zizyphus rotundifolia, Lamk. 
Leptadenia spartium, Wight. 
Crotalaria burhia, Ham. 
Eragrostis minor, Host. 
Eragrostis tenella, R. & S. 
Eleusine egyptiaca, Desf. 
Boerhaavia diffusa, L. 
Polygala erioptera, DC. 
Monsonia heliotropioides, Cav. 
Euphorbia clarkeana, Hk. f. 
Calotropis procera, Br. 
Abutilon indicum, G. Don. 
Dicoma tomentosa, Cass. 


V. Salvadora-Capparis Association 


Soe}! 


Salvadora persica, L. 
Capparis decidua, Pax. 
Prosopis spicigera, L. 
Calotropis procera, Br. 
Abutilon bidentatum, Hochst. 
Achyranthes. aspera, L. 


h. 
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Pupalia lappacea, Moq. 
Phyllanthus niruri, L. 
Tephrosia purpurea, Pers. 
Urena lobata, L. 

Ctenolepis garcini, Naud. 
Cucumis trigonus, Roxb. 
Dicoma tomentosa, Cass. 
Volutarella divaricata, Benth. 
Peristrophe bicalyculata, Nees. 
Scirpus supinus, L. 
Fimbristylis estivalis, Vahl. 
Eragrostis ciliaris, Link. 
Eleusine verticillata, Roxb. 
Cenchrus ciliaris, L. 

Aristida hystricula, Edgew. 
Fhysalis minima, L. 


VI. Calligonum-Aerua Association 
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Calligonum polygonoides, L. 
Aerua tomentosa, Forsk. 
Zizyphus rotundifolia, Laink. 
Calotropis procera, Br. 
Cucumis trigonus, Roxb. 
Acacia arabica, Willd. 
Achyranthes aspera, L. 
Pupalia lappacea, Moq. 
Heliotropium zeylanicum Lamk. 
Fagonia cretica, L. 
Euphorbia hirta, L. 

Tribulus alatus, Del. 
Farsetia hamiltonii, Royle. 
Cleome viscosa, L. 

Physalis minima, L. 
Convolvulus microphyllus, Sieb. 
Blepharis sindica, Stocks. 
Eragrostis minor, Host. 
Eragrostis tenella, R. & S. 
Cenchrus ciliaris, L. 
Cenchrus biflorus, Roxb. 


Dactyloctenium egyptiacum, Wills. 


VII. Aerua-Leptadenia Association 
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Aerua tomentosa, Forsk. 
Leptadenia spartium, Wight. 
Euphorbia clarkeana, Hk. f. 
Cenchrus ciliaris, L. 
Convolvulus microphyllus, Sieb. 
Tragus racemosus, Scop. 
Aristida adscenscionis, L. 
Eragrostis pilosa, Beauv. 


Sporobolus coromandelianus, Kunth, 
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10. Crotalaria burhia, Ham. e Cc 
11. Prosopis spicigera, L. ne r 
VIII. Leptadenia-Crotalaria Association 
1. Crotalaria burhia, Ham. ee d 
2. Leptadenia spartium, Wight. 2. CO, 
3. Aerua tomentosa, Forsk. a 
4. Achyranthes aspera, L. c 
5. Setaria verticillata, Beauv. Cc 
6. Brachiaria eruciformis, Griseb. e 
7. Cyperus iria, L. Cc 
8. Ipomea rumicifolia, Chois. c 
9. Sida grewioides, Guill. & Perr. Cc 
10. Tribulus alatus, Del. Cc 
11. Indigofera trigonelloides. J. & S. C 
1X. Aerua-Tephrosia Association 
1. Aerua tomentosa, Forsk. d 
2. Tephrosia purpurea, Pers. a 
3. Zizyphus rotundifolia, Lamk. c 
4. Calligonum polygonoides, L. c 
5. Cenchrus biflorus, Roxb. a 
6. Anticharis linearis, Hochst. Cc 
7. Boerhaavia di ffusa, L a 
8. Digera arvensis, Forsk. c 
9. Euphorbia hypericifolia, L. c 
10. Indigofera cordifolia, Heyne. c 
11. Crotalaria burhia, Ham. C 
12. Trianthema pentandra, L. Cc 
13. Polygala erioptera, DC. a 
14. Brachiaria eruciformis, Griseb. c 
15. Dactyloctenium egyptiacum, Willd. c 
16. Eleusine aristata, Ehrenb. = c 
17. Eragrostis tenella, R. &S. a 
18. Elionurus hirsutus, Munro. c 
X. Aerua-Crotalaria Association 
1. Aerua tomentosa, Forsk. d 
2. Crotalaria burhia, Ham. a 
3. Peganum harmala, L a 
4. Leucas urticefolia, Br. c 
5. Ipomea rumicifolia, Chois. c 
6. Trianthema pentandra, L a 
7. Trianthema crystallina, Vahl. c 
8. Amarantus blitum, L.~ Cc 
9. Portulaca oleracea, L. Cc 
10. Polygala erioptera, DC. a 
11. Polygonum plebejum, Br. a 
12. Phyllanthus niruri, L. C 


Note: ,—d—Dominant species; co.d.—Co-dominant species ; AS ree species ; 
‘ -- @~ Common species; r—Rare species. 
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DISCUSSION 


Bikaner division situated in the north of Rajasthan is a typical 
sand-dune plain and as compared to other regions in the Indian desert 
this area is perhaps drier. In this respect the Jaisalmer area also stands 
in close comparison to Bikaner. The geographical status of Rajasthan 
as a whole shows that the northern and western regions of the area 
receive scanty rainfall as compared to the eastern and southern regions. 
Another fact of geographical importance is the presence of discontinuous 
chains of Aravali ranges in the eastern and southern regions, though 
they extend to the western part as seen at Jodhpur. The northern 
area does not show this mountainous topography. 


Natural rivers are also very scarce in the northern area. Some 
major rivers of Rajasthan are present in the eastern region like the 
river Chambal while in the west the most important river is Luni 
with several tributaries but unfortunately its waters are saline and the 
area covered by this river is practically of no utility for the growth of 
vegetation. 


In a recent Sir Albert Charles Seward Memorial Lecture Wadia 
(1954) points out that the whole of Asia is undergoing desiccation. 
The main reasons attributed by him for this is based on climatic changes 
which lower the rainfall in several areas. Western Rajasthan, according 
to him, was a fertile basin some 2,500 years ago and the existing arid 
conditions have developed only since then. The luxuriant growth of 
vegetation represented by a large number of species in the rainy season 
definitely supports the hypothesis of Wadia that this scarce vegetation 
in Western Rajasthan must mainly be attributed to the climate of the 
region. 


The vegetation in Bikaner and its neighbourhood stands in close 
contrast to other investigated areas of Western Rajasthan and those 
of east. The area consists of almost sandy plains and sand dunes and 
there are extensive savannah formations of Zizyphus, Calligonum and 
Capparis in this area. The above three species no doubt grow in differ- 
ent other parts of Rajasthan but never invade extensive tracts as they 
grow mixed with other plants. For example, in Eastern Rajasthan 
they grow mixed with Gymnosporia montana and Balanites roxburghii. 
The latter species is totally unrepresented in this region. This is per- 
haps due to the drier conditions prevalent in the region. In the Western 
Rajasthan also such extensive savannah formations of Zizyphus, Cal- 
ligonum and Capparis are reported from Jaisalmer side, but they are 
absent in the Jodhpur region. The Jodhpur region is characterised by 
several rock formations and the number of plant species is definitely 
higher in this region. Giant Euphorbias are very frequent in the area 
and the tree species on the mountains include Grewia, Cordia, Anogeissus 
and others. The herbaceous vegetation also is richer as compared 
to the sandy plains which might be seen in the list of species outlined 
by Sarup and his colleagues (1951).. The abundance of flora in this 
area may partly be attributed to the availability of more water which 
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is stored in a number of artificial water reservoirs in the mountainous 
valleys of Jodhpur. 


The Bikaner area which lacks in all the above features naturally 
supports very little vegetation. Not only the number of species is less 
but the variety of species is also very poor. The Asclepiadaceae, Con- 
volvulaceae, Malvaceae, Compositae, Acanthaceae and Labiatae which 
are very well represented in Jodhpur and Eastern Rajasthan are very 
poorly represented in this region. There are certain endemic species 
in this area such as Peganum harmala; Salvadora and Tamarix, cha- 
racteristic of the saline Luni river bed in Western Rajasthan which are 
also fairly abundant in this region. The absence of rock and gravel 
formations of vegetation is another feature of the area. The aquatic 
formations represented by several species of Ceratophyllum, Hydrilla, 
Vallisneria and Potamogeton in Jodhpur and other areas of Eastern 
Rajasthan are not represented within this area. The aquatic forma- 
tions at best are represented by several species of alge and on the dried 
up banks of the ponds several Ficoideae grow. In this respect the area 
shows resemblance to the vegetation of temporary ponds in Eastern 
Rajasthan. 


The pioneer species in consolidating the soil in the sand-dunes are 
Leptadenia spartium, Crotalaria burhia, Aerua tomentosa and a number 
of herbaceous annuals like Trianthema pentandra, Euphorbia clarkeana 
and a number of grasses. The sandy plains in which the soil has been 
little established by the ground vegetation in the rainy season supports 
the characteristic savannah formations of Capparis decidua, Calligonum 
polygonoides and Zizyphus rotundifolia. The climax that could be 
developed in this part of the Indian desert is an association of Cal- 
ligonum-Zizyphus and Capparis due to the extreme conditions of climate 
available in the area. 

A comparison of vegetation of this region with other investigated 
areas of Rajasthan thus shows that it stands in close comparison to 
Jaisalmer and Phalodi areas in the west and Shekhawati region in the 
east. The decreasing rainfall in the Indian desert as we proceed from 
east to west is the main factor for the poor representation of the plant 
species in the area under study. 


_ SUMMARY 


1. The present paper deals with the vegetation of Bikaner and 
its neighbourhood. 

2. The soil analysis of Bikaner and its neighbourhood was carried 
out in different regions. } 

3. A detailed account of the vegetation and plant associations 
in the area is given. : 

4, A comparison of the vegetation of Bikaner with neighbourly 


areas of Rajasthan which have been so far investigated shows that the 
present area resembles the arid division of Western Rajasthan like 
Jaisalmar and Phalodi and the sandy plains of Shekhawati in the east. 
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5. On the basis of the available data the vegetation is ascribed 
to a definite ‘ecological status and it is shown to be a Calligonum-Zizy- 


phus-Capparis association. 
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THE CLAVARIACEZ OF THE MUSSOORIE 
HILLS—V 


By K. S. THIND AND SUKH DEV 


Botany Department, Panjab University, Amritsar 


(Received for publication on August 8, 1956) 


THE first four contributions (listed under references) describe 17 known 
Clavarias (12 species, 3 varieties and 2 forms), mostly new records for 
India, and 11 new Clavarias (5 new species and 6 new varieties). This 
fifth contribution deals with 7 more known Clavarias (5 species, | variety 
and | form) all of which are new records in India. 


The classification of Corner (1950) has been followed throughout 
this study. 


The numbers of the Clavarias are the serial numbers of the Flora. 


Type collections have been deposited in the Herbarium of the 
Panjab University, Duplicate material is at the Botany School, Univer- 
sity of Cambridge, England. 


29. Ramaria flavobrunnescens (Atk.) Corner 


Fructifications up to 18 cm. high and up to 23 cm. broad, solitary, 
scattered, erect. large-sized, radial, trunk absent, profusely branched 
fleshy, smooth, glabrous, deep golden-yellow, lighter coloured at the 
base: branching polychotomous below, dichotomous above, up to 
6 times branched, compact, unequal, in alternating planes, internodes 
long: primary branches up to lcm. wide, longitudinally rugulose; 
ultimate branchlets very short, mostly up to 1-5 mm. long, rarely up to 
6mm. long, in pairs: apices blunt or obtuse, concolorous: flesh con- 
colorous (?): taste and smell inparticular. 


Hymenium spread all over except the lighter coloured b i 
thickening, up to 90, thick. g ase, slightly 


_Basidia 30-52 6-8 4, clavate-elongate, clamped at the base: 
sterigmata 4, slender, straight or slightly incurved, 1:6-7-4y long. 


_ Basidiospores 7:6-11-X3-6-4u, pale brown, wall slightly darker, 
ellipsoid to ellipsoid-elongate, papillate, papilla small and up to 0-64 
long, faintly verruculose-rough to almost smooth, aguttate. 


Hyphe monomitic, 3-16, wide, hyphal cells up to 202, 1 
hyaline, thin walled, branched, inflated, septate, re mostly at short 
intervals, sometimes swollen terminally or on one side of the septum 
clamped, clamps common on the subhymenial hyphe and the basidia 
but sparse to rare on the medullary hyphe. 
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Plate XXIII, Fig. 1; Text-Fig. 1, A-D. 


Collected on soil under Oak forest, Chakrata Toll, Mussoorie, 
August 6, 1953, 61. 


is 
=D 


D 


Text-Fic. 1. Ramaria flavobrunnescens (Atk.) Corner. A. Clamped basidia 
1,150. B. Verruculose-rough to almost smooth basidiospores, x 1,150. C. Clamp- 
ed sub-hymenial hyphe, 1,150. D. Medullary hyphe with a very few or 
no clamps, X500. 


This collection agrees with Ramaria flavobrunnescens (Atk.) Corner 
in all points except that most of the medullary hyphe are septate with- 
out clamps, though a few septa have them, but the subhymenial hyphe 
and basidia are clamped. Such an intermediate hyphal state has not 
been reported before in the genus Ramaria. 


30. Aphelaria tuberosa (Grev.) Corner 


Fructifications 2-1-5 x0-6-1:2cm., gregarious, scattered, erect, 
small sized, radial to flattened, trunk present, sparsely branched, some- 
times simple, tough, rough, dirty white, becoming brighter at the top, 
on drying turning brown: trunk 1-5-3-2 cm. X0:8-2 mm., cylindrical: 
branches lax, sparse, 1-3 dichotomous, unequal, mostly in one plane, 
lower branches flattened and broadly palmately divided, ultimate 
branchlets long, radial and up to 1-7 cm. long: apices acute and sterile; 
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flesh white, unchanging on exposure or bruising: smell and taste in- 
particular. 


Hymenium spread all over except the sterile apices and the lower 
sterile part of the trunk, thickening, with numerous embedded spores, 
up to 315, thick. 


Basidia 50-90 x 6-12 », hyaline, subtremellaceous, clavato-elongate, 
or clavate with a long tapered base, filled up with abundant irregular 
guttules: sterigmata 4, sometimes 2, stout, straight or incurved, 4-12 y 
long. 


Basidiospores 14-4-20 x 4-8-6-4, hyaline, elongato-ellipsoid, sub- 


fusoid or subsigmoid, subacute, papillate, attenuating to the papilla, 
papilla prominent and 1-1-6, long, smooth, aguttate. 


Hyphe monomitic, 3-4 wide, hyaline, thin-walled to slightly 
thick-walled, branched, uninflated, septate, septa at long intervals, 
clamped. 


Text-Fig. 2, A-C. 


_  TEXT-Fic. 2. Aphelaria tuberosa (Grev 
tions, x1. B. Sub-tremellaceous basidia 
smooth-walled basidiospores, x 1,150, 1 


.)Corner. A. Sparsely branched fructifica- 
X TSO. ='G: Elongato-ellipsoid and 


7 = 
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Collected on soil amid mosses, The Upper Park Road, Mussoorie, 
August 22, 1955, 62. 


This fungus undoubtedly belongs to Aphelaria tuberosa (Grev.) 
Corner. It has only one kind of basidia which appear to be subtre- 
mellaceous. The young basidia are clavate with a long tapered base. 
Later at maturity they become 2-4 lobed, each lobe prolonging above 
into a stout sterigma up to 124. The four lobes divide the basidium 
imperfectly longitudinally (at the top only, the partition walls always 
remaining above the middle of the basidium), thus imparting a sub- 
tremellaceous appearance to the basidium. 


31. Lentaria byssiseda Corner 


Fructifications lignicolous, 1-5-3-6 cm. tall and 0-5-2-5 cm. broad, 
densely gregarious or cespitose, all fructifications in a densely gregarious 
patch springing from a common white mycelial felt or patch which 
extends on the dead twigs up to 12 cm., erect, small sized, trunk present, 
or absent, branched, fleshy, smooth, glabrous, reddish brown, with 
white apices, turning to light brown on drying: trunk small to incon- 
spicuous, or even absent, 2-5 x 1-1-5 mm., radial to slightly flattened, 
arising from the mycelial felt: mycelial patch (or felt) white, extend- 
ing up to 12cm., giving out fructifications throughout its surface, 
composed of hyaline, narrow, thin-walled, branched, uninflated, septate 
(septa at long intervals) clamped hyphe, which are 1-8-2-4p wide: 
branches lax, fastigiate, up to 4-dichotomous, radial, unequal, in alter- 
nating planes, ultimate branchlets long, up to 2-5cm. long: apices 
acute, sometimes rounded, sterile when acute, fertile when rounded: 
flesh white: taste and smell inparticular. 


Hymenium spread all over, trunk fertile, thickening, up to 1104 
thick, with many embedded spores. 


Basidia 30-38 X 5-6-8 p, clavate: sterigmata 4, straight or slightly 
incurved, 3:2-9y long. 


Basidiospores 6-8-15:2x 3-4-8 uw, narrowly ellipsoid, mostly sinuous 
or subsigmoid, blunt or rounded at the apex, subacute at the oblique 
base, papillate, papilla small, smooth, aguttate. 

Hyphe monomitic, 2-10 wide, hyphal cells up to 344 long 
or even more, hyaline, thin-walled, branched, wavy to convoluted, 
slightly inflated, septate, septa at short to long intervals, clamped, 
clamps common. 


Plate XXIII, Fig. 2;-Text-Fig. 3, A. 


Collected on dead twigs of Picea morinda Link under Picea forest, 
Sarkunda Temple, Mussoorie, September 2, 1955, 63. 


This collection undoubtedly belongs to Lentaria byssiseda Corner 
and is characterized by the lignicolous, small-sized, . reddish brown 
fruit bodies springing from the white mycelial patch, long ultimate 
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branchlets, narrowly ellipsoid, often sinuous to sigmoid spores (6:°- 
15-23-4-8,), and clamped hyphe. 


TEXT-FiG. 3. Lentaria byssiseda Corner. A. Sinuous or subsigmoid, narrowly 
ellipsoid and smooth-walled basidiospores, 1,150. C lavariadelphus truncatus 
(Quél.) Donk. B. Simple clavate fructifications with conical and truncatus apices 
x4. C. Broadly ellipsoid basidiospores, x 1,150. 


> 


32. Clavariadelphus truncatus (Quél.) Donk 


Fructifications 5-16 cm. tall, scattered, large-sized, radial, simple, 
clavate, trunk present, fleshy, brittle, smooth, glabrous, apical portion 
first light-yellow then orange-red, lower portion dark-red, while the 
basal trunk portion is pale yellow, entire clubs turning dark-brown 
on drying: trunk indistinct, 1-4 0-4-0-8 cm., solid, sterile: simple 
clubs clavate being broadest at the top and gradually narrowing to 
the base, longitudinally rugose, hollow above and solid below: apex 
at first conical, 1-5-2-5cm. wide, later becoming truncate to concave 
or depressed and eventually perforated, sterile: flesh white, on bruising 
turning dark-red: taste sweet: smell inparticular: white mycelial 
threads given out from the base of the clubs are composed of narrow, 
thin-walled, hyaline, branched, clamped, 2-3 wide hyphe. 


Hymenium spread all over except the sterile apex and sterile trunk, 
not thickening, up to 140, thick. 
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Basidia 80-120 7-10 », subhyaline, clavate: sterigmata 4, straight 
or slightly incurved, 3-11 » long. 


Basidiospores 9-6-125:6-6:8, subhyaline, broadly ellipsoid. 
sometimes ovoid, papillate, papilla up to 0-8 long, smooth, aguttate. 


_ Hyphe monomitic, 2-15 » wide, hyphal cells up to 166 » long, hya- 
line, thin-walled, branched, inflated to uninflated, septate, septa at 
short intervals in inflated and at long intervals in narrow hyphe, inflated 
hyphe usually constricted in the region of septa, clamped, clamps sparse. 


Text-Fig. 3, B-C. 


Collected on soil under Picea forest, Kadu Khal, Mussoorie, 
September 2, 1954, 64. 


This fungus undoubtedly belongs to Clavariadelphus truncatus 
(Quél.) Donk. The perforated sterile apex is not pervious to the base 
of the fruit body. This specimen evidently represents the red form 
of the species as described by Lovejoy (Corner, 1950). It is differentiated 
from collection n.15 of Clavariadelphus mirus (Pat.) Corner collected 
from the Mussoorie hills (Thind and Anand, 1956) in the colour of 
its fruit body and in the sterile conical apex which later becomes trun- 
catus and perforated. 


33. Clavulina cristata (Fr.) Schroet. var. fimbriata Fr. 


Fructifications gregarious, scattered, solitary, erect, medium-sized, 
radial, trunk present, branched, fleshy, glabrous, light-brown, up to 
7-5 cm. tall and up to 4:2 cm. broad: trunk long, cylindrical or slightly- 
flattened in some cases, whitish at the base, tomentose, up to 3-3 cm. 
long and up to 1-1 cm. broad: tomentose hairs hyaline, simple, rarely 
branched, closely septate, clamped, thin to slightly thick-walled, narrow, 
up to 210 long and 1-4 broad: branching lax, sparse to abundant, 
radial, dichotomous, branches equal or unequal, and in alternating 
planes, internodes long, primary branches up to 5-5 mm. broad, ulti- 
mate branchlets small, cristate due to close and irregular dichotomy: 
apices acute, lighter coloured, fertile: flesh lighter coloured: taste 
bitter: smell inparticular: rhizomorphic hyphe given out from the 
base of the fructification and they are brown, thick-walled, branched, 
with numerous antler-like branches, 4-6 broad, with hyphal cells 
up to 240 long, wall up to 1 thick. 

Hymenium spread all over except trunk, also absent in the lower 
portions of some of the primary branches where the latter are tomentose 
like the trunk, thickening, up to 68 thick. 

Basidia 44-48 x 5-16-6-88 p, subhyaline, clavate: sterigmata 2: 
sometimes 1, strongly incurved, up to 7:74 long. 

Basidiospores hyaline, globose, papillate, papilla small and very 
fine, smooth, uniguttate, guttule filling almost whole of the spore cavity, 
8-9 » in diameter. 
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iti ; é ls up to 138 p long, 
he monomitic, 4-17-24 wide, hyphal cel 
or aed in broader hyphe, and up to 258 », or longer, in the narrower 
ones hyaline, branched, thin-walled, inflated, septate, septa at long 
intervals in narrower and at shorter intervals in broader hyphe, clamped, 
clamps abundant and appear more prominent on the narrower hyphe 
than on broader ones. 


Text-Fig. 4, A-C. 


TEXT-FiG. 4. Clavulina cristata (Fr.) Schroet. var. fimbriata Fr. A. A fruc- 
tification with a long trunk and cristate apices, X1. B. Globose and uniguttulate 
basidiospores, <1,150. C. Clamped hyphe, x 500. 


Collected on moist soil under Oak forest, Dhobi Khud, Mussoorie, 
August 30, 1954, 65. 


The present collection resembles Clavulina cristata (Fr.) Schreet. 
var. fimbriata Fr. in the elongate trunk, lax branching at the top, 
cristate ultimate branchlets and globose spores of the same size. 


34. Clavulina cinerea (Fr.) Schreet. f. sublilascens Bourd. et Galz. 


Fructifications 2-4-4 1-6-3-8 cm., scattered, erect, small-sized, 
radial, without a trunk, profusely branched, fleshy-tough, smooth, 
glabrous, dark vinaceous with black tips, on drying turning sooty or 
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dark-brown, the embedded base of the fructifications elongated (up to 
2-1x0-8cm.): branches profuse, often slightly irregularly flattened, 
rugulose, polychotomous below, becoming irregularly-chotomous above 
giving a bushy appearance to the fruit bodies, internodes short, branches 
compact, ultimate branchlets short and giving a cristate appearance: 
apices acute, sometimes obtuse, sterile: flesh lighter concolorous, 
turning dark-red on bruising: smell and taste inparticular. 


Hymenium spread all over except the sterile apices, thickening, 
up to 164. thick. 


Basidia 36-44 x 4-8 p, cylindrical to subclavate, secondarily septate 
after spore discharge: sterigmata 2, sometimes 1 or 4, stout, strongly 
incurved, 3-7 » long. 

Basidiospores 7:2-9-6X4-8-6-44, subhyaline to hyaline, ovoid 
sometimes subglobose to globose, papillate, papilla prominent and 
up to 0-8 long, smooth, uniguttate, guttule large and filling three- 
fourth to almost whole of the spore cavity. 

Hyphe monomitic, 2-14 wide, hyphal cells up to 260, long, 
hyaline, thin-walled, branched, inflated, some uninflated, septate, septa 
at short intervals in wider and at long intervals in narrower hyphe, 
clamped, clamps almost at all septa. 


Plate XXIII, Fig. 3; Text-Fig. 5, A-B. 


B 


T-Fic. 5. Clavulina cinerea (Fr.) Schreet._ f. sublilascens Bourd. et Galz. 
A. eepondaril) septate basidia, 1,150, B. Uniguttulate spores, x 1,150. 
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Collected on soil amid mosses under Cedrus forest, Kanatal, 
Mussoorie, September 11, 1955, 66. 


Clavulina cinerea (Fr.) Schreet. often has such stunted forms as 
this collection n. 66 from the Mussoorie hills. It differs from Clavulina 
cristata (Fr.) Schreet. in its darker fruit bodies from the beginning. 


35. Clavaria acuta Fr. 


Fructifications up to 6cm. tall, solitary, scattered, erect, slender, 
small-sized, radial, trunk present, simple, clavate, fleshy, brittle, smooth, 
glabrous: head 0-2-4 cm. long and 0-5-1-8 mm. wide, white, elongated, 
bent or allantoid, cylindrical, usually slightly broader at the top, apex 
acute in young fruit bodies, becoming obtuse or blunt and swollen in 
mature ones: trunk 1-l—-3cm. long and 0-5-1 mm. wide, distinctly 
demarcated, white, narrow, smooth but usually with very fine narrow 
hyphe loosened out from its surface and appearing as a fine irregular 
pubescence which is more pronounced at the base: numerous rhizo- 
morphic myceliel threads given out from the base of the fructifications : 
flesh white: smell and taste inparticular. 


Hymenium spread all over the head, trunk sterile, not thickening, 
up to 60. thick. 


Basidia 40-48 x 6-4-7 », hyaline, clavate with a long tapered base, 
provided with a wide loop-like clamp at the base: sterigmata mostly 4, 
sometimes 2, long, straight, 4-12, long. 


Basidiospores 7:2-8:8xX4-8-5-6m, hyaline, broadly ellipsoid to 
oval, papillate, papilla small but distinct and up to 0-8 long, smooth, 
aguttate, filled with dense grannular contents. 


Hyph@ monomitic, 2-22 wide, hyphal cells up to 414, long, 
or even more, hyaline, thin-walled, branched, inflated, septate, septa 
at long intervals, also secondarily septate, secondary septa sparse 
clamps absent. 


Text-Fig. 6, A-D. 


eee on soil, Company Garden, Mussoorie, August 24, 


_ This collection undoubtedly belongs to Clavaria acuta Fr Its 
fruit bodies were observed as solitary and scattered. Densely-fasciculate 
or fruit bodies gregarious in small groups as reported for C. acuta 
(Corner, 1950) were not observed. Also the basidia are mostly 4-spored 
in contrast to the mostly 2-spored basidia reported for this species 
oes a and shape fall well within the range for the species which is 

riable. 
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Trext-Fic. 6. Clavaria acuta Fr. A. Clavate simple fructifications with a 
sharply demarcated trunk, x1. B. Basidia with a wide loop-like clamp at the base, 
1,150. C. Basidiospores with densely granular contents, 1,150. D. Second- 
arily septate hyphe, 500. 
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EXPLANATION OF PLATE 
Fic. 1. Ramaria flavobrunnescens (Atk.) Corner, fruit body without a trunk, x4 


(approx.). 

Fic. 2. Lentaria byssiseda Corner, a dead twig covered over with white mycelial 
patch bearing numerous fruit bodies with lax and fastigiate branches, 
<1 (approx.). 

Fic. 3. Clavulina cinerea (Fr.) Schreet. f. sublilascens Bourd. et Galz., fruit bodies 

profusely branched and bushy, x1 (approx.). 


FELIX EUGEN FRITSCH, 1879-1954 


FELIX EUGEN FRITSCH was born on the 26th April 1879 at Hampstead 
in London. He was the only son of H. Fritsch who was a school- 
master at Hampstead. During his school-life, Felix suffered very much 
from frequent illness and developed asthma. His father thought that 
his son would never be strong enough to follow any ordinary profes- 
sion and so chose botany as a career for him, as it would mean a good 
amount of outdoor work which was likely to improve his health con- 
siderably. 


Fritsch was educated at Warwick House School at Hampstead, 
and graduated at London University. He then went to Germany and 
worked as an assistant in the Botany Department of the University of 
Munich from 1899 to 1901, during which period he obtained the Ph.D. 
Degree of the University and returnea to England in 1902 and joined 
the staff of the Botany Department.of the University College, London, 
where he was an Assistant from 1902-06 and an Assistant Professor 
from 1906-11. From 1907, he started teaching at Queen Mary College 
also, which was then called East London College. In 1911, he became 
the Head of the Department of Botany at Queen Mary College. When 
he first went there, he found the Botany Department ill-equipped and 
ill-staffed. Prof. Fritsch built up both with steady perseverance in 
spite of his ill-health and the heavy demands of teaching and became 
the first Dean of the College Faculty of Science. 


Fritsch took a very active part in the affairs of the University o1 
Londen. He was University Professor for ‘twenty-four years and 
served on a number of its Committees, for some of which he was also 
Chairman. 


He was President of the Botany Section of the British Association 
for the Advancement of Science in 1927. In 1931, he became the 
President of the British Ecological Society and in 1932 he was elected a 
Fellow of the Royal Society. In 1948, he retired from the Queen Mary 
College as Emeritus Professor and settled down in Cambridge, where 
he spent much of his time at the Botany School. He was responsible 
for bringing Prof. E. G. Pringsheim to Cambridge and starting cultures 
of alge at the Botany School. In 1950, he was awarded the Darwin 
Medal by the Royal Society and in 1952, the University of London 
conferred on him the degree of LL.D. honoris causa. In 1953 Fritsch 
became the President of the British Institute of Biology and of the 
International Association of Limnology. 


He was a Fellow of the Linnean Society for fifty-one years. He 
was elected in 1903, served on its councils from 1922-26 and 1949-53, 
was Vice-President in 1925-26 and 1952-53 and President of the Society 
from 1949-52. In 1954 the Council of the Linnean Society nominated 
Professor Fritsch for the award of the Linnean Gold Medal in apprecia- 


Photo. G. C. Monkhouse, F RPS. 
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tion of his great contiibutions to the study of Botany. The Medal 
was to have been awarded to him at the Anniversary Meeting of the 
Society on the 24th May 1954. Unfortunately he died on the 23rd 
May 1954 and the Medal had to be awarded posthumously. The 
esteem and affection of the members of the Society for him was so great 
that the President and Councillors of the Society went to Cambridge 
with the Gold Medal, and formally presented it to Mrs. Fritsch in her 
own flat with all the usual ceremony. 


He was an Honorary Member of the Indian Botanical Society 
and of a number of foreign Scientific Societies in Austria, Belgium, 
Norway, Sweden and the U.S.A. 


He took part in many International Botanical and Limnological 
Congresses and in doing so visited most European countries. He 
visited Ceylon in 1903 and India in 1938. In India, he attended the 
25th Annual Meeting of the Indian Science Congress Association at 
Calcutta, and presided at the Discussion on “the Algal problems pecu- 
liar to the tropics” and delivered a course of advanced Lectures on Alge 
and Hydrobiology at the University of Madras. He then visited Seven 
Pagodas, Madura and the Marine Biological Station at Krusadai Island 
near Pamban, and Ceylon once again on his way back to England. 


Fritsch was throughout his life keenly interested in phytoplankton 
and algal periodicity. He became first interested in this aspect of 
algology while he was in Germany through the publications of conti- 
nental algologists on phytoplankton. When he returned to England. 
he started collecting phytoplankton from the River Thames and pub- 
lished two notes (1902 d and 1903 e) on the phytoplankton of the 
river. In 1903 he published a noce on the seasonal changes in the algal 
flora ov the artificial waters at Kew. He published in 1905 an account 
of the phytoplankton of some English rivers and in 1906 a paper on the 
problems in aquatic biology with special reference to algal periodicity. 
With Miss Florence Rich, he published in 1909 an account of a five 
years’ study of the fish pond at Abbots Leigh near Bristol, and in 1913 
an account of a four years’ study of another freshwater pond. In 
1920, he published a bibliography of English and American papers 
on Hydrobiology. He also published a few papers on the alge of flowing 
streams (19295, 1946, 1949 6). 


In his memorable Presidential Address to the Botanical Section 
of the Biitish Association for the Advancement of Science in 1927, he 
deplored the absence of any institution in England similar to the inland 
biological stations on the continent and stressed on the great importance 
and. usefulness of the research work that was being done at these sta- 
tions. As a result of his address, there was a special discussion at the 
next meeting of the British Association regarding the formation of a 
biological station in England. And in June 1929, the Freshwater 
Biological Station was formed at a meeting held in the rooms of the 
Linnean Society, and Fritsch was made the Chairman of the Associa- 
tion’s Council, a post which he held until his death. Thus the British 
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Freshwater Biological Association owes its origin almost entirely to 
Fritsch’s initiative. 

In 1902, when Fritsch was studying the algal flora in the hot houses 
at Kew, the observations that he made seemed scarcely to support 
the prevalent view among algologists at the time that there was a close 
similarity between tropical and temperate algal vegetation. He, there- 
fore, wanted to investigate personally some typical tropical algal flora. 
And Ceylon was chosen by him for this investigation. Fritsch visited 
Ceylon in 1903 and stayed on the island for three months (August 21 
to November 10, 1903), and studied the ecological and biological aspects 
of the algal vegetation of the island. His studies fully confirmed his 
original suspicions and brought to light very considerable differences 
between the algal flora of the tropics and that of the temperate regions. 
In 1909 he published a comprehensive paper on the ecology of the sub- 
aerial and freshwater algal flora of Ceylon incorporating in detail all 
his valuable observations on the algal flora of the island. This is the 
first and still the most important contribution to our knowledge of 
the algal ecology of the tropics. In the same year he published another 
important paper (1907 5) on the sub-aerial and freshwater algal flora 
of the tropics in general. 


Fritsch was interested in the ecology of the higher plants also. 
He, with A. G. Tansley, published an important paper on the ecology 
of the littoral phanerogamic flora of Ceylon (1905 5). He published 
three papers on the Heath Association of Hindhead Common, one 
with W. M. Parker (1913 a), another with E. J. Salisbury (1915) and 
a third independently by himself (1927). 


Fritsch collaborated with L. A. Boodle in translating into English 
Solereder’s Systematische Anatomie der Dicotyledonen (1906 b) for 
the Clarendon Press, Oxford. 


He published three papers on the anatomy of the higher plants 
with special reference to the relation of the anatomical characters of 
the plants to their systematic position (1902, 1903 d and 1908). 


After his return fiom Ceylon, Miss Florence Rich, who was a 
retired schoolmistress, came to work in his research laboratory. 
Fritsch in collaboration with Miss Rich published a number of papers 
on alge during a period of over thirty years. They published several 
papers on the occurence and reproduction of British Freshwater 
Alge (1907 c, 1909, 1913, 1927 ¢ 1927 d) and a number of papers 
on the Freshwater Alge of South Africa (1925, 1929 a. 1929 d, 1937). 
Three papers had previously been published on the algal flora of South 
Africa, two indepeadently by Fritsch (1914, 1918), and another in 
collaboration with Miss E. Stephens (1921 a). Previous to these 
publications practically little was known about the algal flora of South 
Africa. In these publications a large number of forms were recorded, 
and the records include some very rare and interesting forms, e.g., 
Ecballocystis, Spheroplea Wilmani, S. tenuis, S. africana. Pearsoniella 
gen. nov., Raphidiopsis gen. noy., ete. 


FELIX EUGEN FRITSCH, 1879-1954 525 


In 1927, he revised, and to a large extent rewrote, G. S. West’s 


a i: es on British Freshwater Alge, which was originally published 


He contributed an article entitled ‘“‘Foiests of the Sea” in Endeavour 
(1943), a number of articles on alge in Chamber’s Encyclopedia (1950 b), 
the article on “Protophyta” in the Encyclopedia Britannica (1951), 
and the chapter on “Chrysophyta”’ in the Manual of Phycology (1951 5). 


After the publication of Oltmann’s Morphologie und Biologie der 
Algen in 1904-05, no authoritative, comprehensive work on alge was 
available, either in English or in German, incorporating all the later 
contributions, until Fritsch filled this gap with the two volumes of his 
classical work, The Structure and Reproduction of the Alge in 1935 
and 1945. These two volumes constitute a monumental piece of work. 
When one reads these two volumes, one is struck with the thorough- 
ness with which practically every group and every aspect of alge is 
dealt with and that so cleaily and so succinctly. The results of practically 
all the important researches on alge are incorporated and catefully 
evaluated. The references given are comprehensive and very helpful 
to the research worker. Fritsch’s Structure and Reproduction of the 
Alge will form a classical reference work to all research workers on 
alge for a long time to come. 


He was always intrigued by the blue-green alge. He published 
a number of papers on their structure, ecology, phylogeny and classifica- 
tion (1904, 1905, 1932, 1942d, 19496, 1949c, 1950a, 1953 a). 
In 1938 he with P. K. De published a note on the fixation of nitrogen 
by blue-green alge. For his Presidential Address to the Linnean Society 
in 1951, he chose “The Heterocyst: A Botanical Enigma”, as the 
subject of the address, and gave a masterly account of the nature of 
the heterocyst and the role played by it. He comes to the conclusion 
that the primary function of the heterocyst is concerned with growth 
and cell-division. And, in the case of those blue-green alge in which 
akinetes are formed, he suggests that very probably there is a secretion 
of a substance or substances by the heterocyst which stimulates the 
series of changes (enlargement, accumulation of food, modification 
of the membrane) that lead to the formation of the akinetes. He, 
however, finally states that the last word on the subject of the hetero- 
cyst is not yet spoken and that the heterocyst will remain a botanical 
enigma for quite a long time. 


He published accounts of many interesting British alge which are 
new to science, ¢.g., Isococcus gen. nov. (1914 a), Fischerellopsis gen. 
nov. (1932), Ecballocystis fluitans sp. nov. (1933), Chrooderma gen. 
nov. (1942) and Cladophoropsis gen. nov. (1944a and 19445). In 
1929, he published a monographic account of the genus Spheroplea. 


He was much interested in terrestrial alge and pointed out the 
widespread importance of these alge in the economy of nature. He 
Il 
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published a series of papers on these alge (1907 a, 1916.a, 1922, 1922 a, 
1923, 1936, 1942 a). 


Various other aspects of alge were dealt with by him in several 
important contributions, (1) on the life-cycles of alge (1942 c), 
(2) on the phylogeny and interrelationships of the Green Alge 
(1910-11), (3) on the evolutionary sequence in Desmids (1930, 1933 a, 
1953), (4) on the interrelations and classification of the Myxophycee 
(1942 d), (5) on the evolutionary tendencies and affinities among Pheo- 
phycee (1943), (6) on the lines of advance in Alge (1949) and (7) on 
the classification of Alge (1944, 1954). 


Fritsch considered the Green Alge as the probable ancestors of 
the higher plants (1910-11, 1916). In 1919, A. H. Church put forward 
the view that the origin of the higher plants was not from the Green 
Alge but from bulky highly organised seaweeds (Thallassiophyta). 
Fritsch in 1921 showed that Church’s view was not correct and put 
forward his view once. again that the higher plants originated from 
the green alge. 


Later on he published a number of papers on heterotrichy in alge 
(1939, 1942 b, 1953 6) in which he drew attention to the widespread 
occurrence of heterotrichy among almost all the groups of alge. He 
expressed the view that the heterotrichous filament was most likely 
to have been the starting point for the evolution of the land plant, and 
that, among the various groups of alge, the heterotrichous Chetopho- 
racee were the probable ancestors of the higher plants. He considered 
that a Chetophoraceous terrestrial alga like Fritschiella, which the 
present writer had the privilege of naming after Professor Fritsch, 
was the most probable ancestor of the higher plants, since this alga 
possessed all the necessary features for getting established on land. 


His publications extended over a period of more than half a century, 
and covered a wide range of topics on practically almost all aspects 
of alge. It is remarkable how, in the face of frequent spells of severe 
attacks of asthma throughout his life, he was able to achieve such a 
tremendous lot of work. He had a very orderly mind, and was very 
a and industrious. Painstaking thoroughness characterised 
all his work. 


He had a remarkable capacity for dealing with administrative 
matters. He was endowed with strong commonsense and sound 
judgment. 


He had a genial and lovable personality, a fund of humour and 
a merry twinkle in his eye. He was extremely sympathetic with his 
students whom he always treated as his friends. 


He was a lover of the countryside, and was fond of walking and 
gardening. He was growing a number of alpine plants in his garden 
at Dorking. While taking his guests through his garden, he would 
humorously point out to.a toad-which had made its home in one of the 
erévices of his rock garden, and say “This is my Zoo”! 
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Fritsch had a great love for music and could play on the violin 
extremely well. His performance was of a high order of exceilence. 
The talent for music was clearly hereditary, for not only was his father 
a good musician but both his grandfather and grandmother had a 
great talent for music. 


He married in 1905 Hedwig Laskar, daughter of Mr. M. Laskar, 
and his married life was very happy. He owed much to. his devoted 
wife, who, with one son, survives him. Professor and Mrs. Fritsch 
were charming people and practically kept an open house at which 
all his friends and students were welcome. His students can never 
forget their kindnesses and the delightful hospitality they enjoyed 
during several week-ends at their house. 


_ Fritsch was one of the greatest figures in the botanical world. 
His passing away leaves a big void which will be hard to fill for a long 


time to come. 
M. O. P. IYENGAR. 
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